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NOTESANDTABLESFORUSEINTBE

AIWLYSISOFS-URERSONICIrLow

by TheStaffoftheAms 1-by >foot
SupersonicWin&TunnelSectIon

INTR(IIXJCTION

that
Thispaperisa compilationofformulas,tables,andcurves
hasbeenfoundtobe veryusefulintheanalysisof super-

sonicwind+mnneldata. Theinformationhasbeencomuiledbymetiers
oftheAlms1-by +foot supersonicwind-tunnelsecti&with-the
specificneedsof supersonicwind--tunneloperationinmind.

●* Withoneexception,alltablesandcurvescontainedherein
havebeenccmqutedforthevalueof Y . 1.400.Theoneexception

% isthecurvesshowingthecharacteristicsofconesinsupersonic
flow. Thesecurvesweretakendirectlyfromthedataofreferences
and2 whereina-valueof 7 = 1.405wasusedinthecalculations.

Mostofthes@ols usedinthepaperaredefinedinSymbols
andNotation.In severalsectionsithasbeenfoundnecessaryto

1

usecertainspecialsymbolsthatwouldappearonlyinthatparticular
section,andinsuchcasesthosesynibolsaredefinedastheyare
introducedinthetextandtheyarenotinoludedinthegeneral
list.

Someofthematerial(e.g.,thedifferentialequationsof
motion)hasbeeninoludedintheinformationnotbecauseitrepresents
materialfrequentlyusedinwind-tunneloperation,butbecauseit
hasbeenfoundusefulas a referenoewhenreadingthewidelysoattered
literatureoncompressibleflow.
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E@LanationofTables

Threetablesincludedinthispaper,TMble
TableI14u~rsonic,andTatle111-l@malShock
nummicalvaluesofcertainphysicalquantities
usedinthecalculationofproblemsinvolviw?a

I-Subsonic,
Waves,give
thatareoften
@mpressible

fluid.Thecalculationsof-thesenmrical %lues&e carried
outito enoughplacesto insureaccuracyto foursignificant
figuresIn thefinalresult.Thus,inmostcasessixf@res
wereused, butin scsmcasesitwasnecessarytouseeight
figuresandthenroundthefinalresult‘offtofore-places.A
secondcompletesetof independentcalculationswascarriedout
andthetablescheckedInthatmanner.

Thedefinitionsofthesymbolsusedinthetablescanbe
foundat theendoftablesIIad III.

3--- .–Thewell+rmwnisentropicrelations(sectimI,
pertB forthepressure,density,temperature,speedofsound,and
arearatiosaregivenasa functionofMaohnumber.33’ata point
inan isentropicflow,anyoneoftheseratiosor theMachnumber
isknownthenallotherratiosfcrthatpointcanbereador inte~
polatedfromthetable.Thelad thee columnsarethevaluesof
certainparameters(V/a*,V/~, and V/?) whiohsometimesare
foundtobemoreccnvenienttousethemMaohnumber.Theirrelatlcn
toMachmmber isuniquelydeterminedforanyadiabaticflow(Becticm
1,partB).

TableII-Superscnio.-Inadditiontothequantitiesgivenin
tableI othersrelatingthedynamicpressure(q= ~~), thehkoh
angle,andtheangle-of-turningthrougha l?mndtl&yerexpansion
aregivenasa functim ofMachnumber.Lcgically,thistable
shouldalsoincludevaluesofthethreeparsmetirsmenticned above.
Theadditionofthreemorecolumns,however,wouldmaketableII
toowide to be printedconveniently,sothesecolumnshavebeen
includedintableIIIinstead.IktableIIIemmtlytheseine
valuesandincrementsoftheMachnumberhavebeenusedas in
tableII.

Table111-RormalShockWaves.-Tobe consistentwithshGckmve
notationtheMachnumbersrgumentintableIIIhasbeendesignated
~ InsteadofM, hencethethreeabove+nentionedparameterssJso
havesubscriptso intableIII. Thisshouldnotbe confusing
becausetherelation
of T/a*,V/a, or
intheflew.

_——

—

betweenMachnumberandthecorresponding-value
V/’?isvalidevenifshockwavesdoexist *

.——
.
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It istobe notedthatalthoughtievaluesgivenintableIII,?
. arefornormalshookwaves,manyofthecolumsinthetablecan

slsohe usedforobliqueshookwaves. (Seesectionm~ pmt B and
* sectionT(I,partA.)

a

s

A

c

Cf

Cp

e

E

h

1

Zn

M

n
-.

P

H

SYMBOISm NOTATION

local velocity of sound

area

aspectratio

chordofairfoil

flapchord

specificheatat constantpressure

specificheatat constantvolume

aerodynamiccoefficientsofdrag,lift,andpitohing
mcment,respectively

sectionforcecoefficients

tistancefromtheleadingedgetopitchin~nt
axis,positiveto theresr

baseofnaturallogaritis,2.718...

internalenergy

enthalpy(PV+ E)

characteristicreferencelength

logarithmtobase e

Machnumber(ratiooflocalvelocitytolocalvelocity
ofsotmd)

numberof degreesoffreedomof gasmolecule

staticpressure

pressurecoefficient(*PO)/%

totelpressure

—
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Q

R

Re

s

t

T

U,v,w

U’,v’,wt

X,y,z

%r>e

v

v

$

w

a

w

$

Y

6

5

5f

dynenliopremure (*V2)

heataddedto system

perfeob-gmoonetant

Reynoldsnumber

entropy

the variable

absolutetemperature

velocltycompcment~

perturbationvelooftycomponents

rectangularcoordinates

cylindricalcoord3na*s

specificvolume(l/p)

&resultantveloclt U2+V2+W2
)

maximumvelooityobtainableby eqmmiingtozero
temperature

externalworkperfomed

an@e ofattack

&oh angle (sin-ll/if)

ratioof speoiflcheats(cp/cv)

- ofdeflectionofthesupersonicstreemwhen
passingthroughan obliqueshockwave,or

whenprefixedtoanothersymb01,denotestheInexaot
differential

airfoilflapdeflection(positivedownward)

--

*
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Subscripts

0

s,

1

2

s

u

z

.,.
Superscripts

1428 5

localangleof inclinationofairfoilsurfacewith
respecttofreeatreaqdirection

absolutecoefficientofviscosity

perturbationvelocitypotential

velocitypotential

massdf3nsity

anglebetweenchordlineandthetangenttothe
airfoilsurfaoeat a givenpoint

anglebetweenoriginsldirectionofflowandthe
shockwave

kinematicviscosity(v/p)or,

anglethroughwhicha
toeqmnd frm M =

pressureratioacross

referstofree-stream

supersonicstreamisturned.
ltoM>l

a shockwave, PJPo

conditionsor to conditions
dust aheadofa shockwave

refersto

refersto
waveor
flow

refersto

refersto

refersto

refersto

reservofrconditions

conditionsjustbehindtheinitialshock
to conditionsat a secondpointofthe

stagnationconditionsbehinda shockwave

conditionson

conditionson

Comkttionson

● ▼ perturbation
thes~bol

themrfaceofa cone

uppersuzfaceofairfoil

lowersurfaceofairfoil

quantities.(Theprimeisalsousedas
forthefirstderivativeinsectionI-C)
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* refers to conditionswhereM = 1

Notation
.

Notationsuchas [perf],[isen],etc.,thatappearsafter
manyof theequationssignifiesthattheequationIsstrictly
applicableonlyiftheflowofthefluidoamplieswiththelimita-
tionsindicatedbetweenthebraokets.Torexample,

[perf] lneansthatwhenapplyingtheequationtocompressible
flowprocessesthefluidmustbe a perfectgas.

[isenperf]meansthattheflowmusttakepl.m3eisentiopiml.ly
andthefluidmustbe a perfeotgas,inorderthat
theequationbe applicable.

[adiab] meansthattheonlyl~taticm totheflowprocessIs
thatno heatbe trsnsfemedacmoss the streamlines.
WiththisHmitatlcmtheflowdoesnotneoesssrily.
havetotakeplaoeisentiopicslly,althoughitmay
andtheequationwouldofcoursewti,llbe valid.

Therestrictionstotheequationsareintqndedto indicatethe
mostseriouslimitationsthattheflowmustcomplywith. It is
desirableto indicatetheselimitationsbecauseshockwavesmustbe
dsaltwithveryoftenintheapplicationsofcompressibleflow
equations,andthoseequationsthatarepredicatedohtheaes~
tiohof isentropicflowareofoourseno longervalid.However,
_ oftieeq~ti~s ue predicatedonlyonthelesssevere
assumptimofadiabaticflowsndsuohequationsareapplic~le
even if shockwavesdoexistinthef20w.

A - Thermodynamic!Relaticms

Thenotation[perf] or [rev] followinganequktionindicates
.

thatit is validonlyfora perfeot~ orfora reversibleprocess,
respectively. .

()dL “= /&
Cp ❑

~T p )~~T p
= ov + R [perfl= ~.[perfl

--
(1)

. .
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. “’($!9.=(%L=“ ‘R’[peti]‘~““H’\
dE. dQ. dW (firstlaw]= CV dT[perfl

h spv+E= CPT

~ Q [perf]
= 7-1p

a= pdv+ Vdp+

7

(2)

(3)

[perf]= (ov+ R) T [perf]

. S [perf] (4)

m . Cp dT [~erf]= (OV+ R) dT[perf] (5)

+
P = PRT [perfl(yerfectgashw) = ~ [Psrfl {6)

.* fQ=(rev) ‘m
+-

@= al+ ax (firstlaw)
2

= pdv+ dE~rev] = pdv+ Cv dT [perfrev]

= dh+ vdp[rev]

()@ [perfl=CP - Cv [perf]= o~ ~
> . .

,- = CT (7-1).[peti]

(7)

(8)

-.

.
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s =cvzIIT –R Znp [perf]

=cvtnp - cp Znp [perf]

=cp ZnT— R h p [perf]

. Cv Znp~74) T [perf]

2%=cpzn ~-y T [per’f]

= R Znp-’#’-’ [perf]

[perf)

(9)

(lo)

(11)

(12)

(13)

.
.

.

.“

+

.
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.

tiw. aQ. dE (firstlaw)= pdv [rev]

w=
f

pdv [rev]

= ~ (kinetictheory)
n

B - GeneralEquaticmsofCcaupressitdeFlow

(14)

(15)

(16)

Thenotations[perf’1,[adiah],and[isen]indicatethatthe
equationsapplyonlyfora perfeotgas,m adiabaticprocess,orsn
isentropicprocess,respectively.An equationwithoutsuohnotation
indicatesno z%strfctions.

Thefundementelequationsofcompressibleflowalmg a stieam
tileeze:

Eulertsequaticm:

SJL+vdv=o
P

(17)

conttfluity eauation:

Energyequation:

V02
ho+—=

V12
2

hl+—–
2 Q

(18)

(19)

(20)
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Foradiabaticflowtheenergyequationbecames

h+~=ha=~mt. [adiab]

CPT+ V+=Cp% [adiabperf]

a2 + V2

7–1 F

Fromthe

()

2
a* =
G

~ [adiabperf]=
7-1

foJlowingrelationships
●

* [adiabx-f]

/’a*2() pJ. [a~ab Perfl
7=
v 7+1

theenergyequationbecomesJ

~2 +v&?2 ~ [adiab perf] “Z2

a2 ~7~_
l.)

1 ~w a*2[atib perf1
Z2 - ~ (T_

Perfect me lay:

P-=RT [perfJP

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

.
.

. ..- .

.—
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.0

I-1

.-

.

.-

Speedof soundequation:

S,2. .5 [p--f1 = 7RT [perf]

Bernoulli~sequation:

[isenperf]

(3U

(32)

(33)

Isentropicrelations:

~ . constant[isenperf]
I #

(r=kar=(5)2‘(-“senpefi]
..

Thefollowingequationsaredarivedfromtheabove
shipsendaregroupedaccordingtowhichofthevarious

(34)

(35)

relatfok
parameters

/

( M, ~, +
%. o

The secondformof

Isbetigusedas theindependentvariable.

theequationsapplytoairforwhich 7=1.400.

—
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Pa.remeter– $ =M

(-=1++2)-*P
H

= (1+ 0.2M2)-;

NACATIVNc. 1428
.

[ isenperf] (36)

(
5

)

-—
~= l+~M’
Pa

71’=(1+ 0.2M’)-5 [isenperfj (37]- . --

T
~= ( )I++a ‘1 = (1+ 0.2M2)4 [adiabperf]

l=~M2=O.7M2 [perf] (40) , ._
P

“x)(’JEL‘= ‘2 ‘* ‘auabperf]1+9M2

.2

()
5
+1 M2

v 1.2M2
p= ‘1+0.2M2 [adiabperfl

l+~M2

(42)

-. —-

(43)
““

*

.f
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f
2

()

*M2.
v-=
v l+~M

~ + y–1
,Pl= ~ %2
3?0 l+~M12

0.2M2
= [ad.iabperf]
1 + 0.2M=

+7- !3
1 + 0.2M02

= Ik3enperfl
1 + 0.2M12

13

(44)

(45)

. [adiabperf](k6)

.
;=[’-2GY]*

hsenperfl (47)

Z=[’%w$r[isenperfl (M)

(49)

&..

[ 01

22
a ~1 [adiabpefi (50)

.
—= l–
aa 7+1 a*

L
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-+-

$X2~ ~*-=
~~z [adiabperf]

P 1-
7+1 a*

()‘2=%[adhb perf1

(5.)2‘%($2 ‘a’kbpeti]

P1z= [isen

.

(52)

(53)

(54)

(55)

(56)

(57) “

.-

.

---

-7
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. .

.

.

.

[ isenperf]

[a&Labperf]

[adiabp=f 1

[adiabperf]

1

()“=&
(92‘* (:)2.
o ()‘v 2 7–1 ~ 2=——r
v 2 aa

L

[adiabperf1

[adiabperf]

[adiabperf]

isenperf

(59)

(60)

(61)

(62]

(63)

(64)

(65)
—.

(66)

(67)
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“.

1

2=[1+)2]
K&

q
-=
P

()
2

~~
y-l v

()

T2
l–

?

[ isenpefil

.-

.-

[adiabperf]
-.

~adiabperfl

[adiabperf]

--

(68) ‘_.

--

(70)
—

. .

..— -—

(71)

(74)
.—..-

(75).—

.—

.—

.-

—
-

4

.

—.-

f-
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.P

.-

*

()V22 ()

2

Z_ ‘— +
[adiab-perf]y-1

[isenperf1

17

(76)

(.77)

(78]

(79)

Withthehch numberM as a ~srameter,numericalvalueswill
%8 foundintableIIfor

andinkble IIIfor

c – DifferentialEquationsofMotion

Rectan_ coord~tes (x,Y9 z).- The basicMfferential
equationsoffluidmotionwithfrictionandgravityforcesneglected
are:

.. L Theequationofcontinuity
—

-=.
* + a(w) : ~(w)+w =()
at ax ay az

(80) --



2. Themomentumequations ‘

i
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>+u*+vav+wav__ lap-—
at ax ay az p ay

h h h aw 1 a-p—+ U—+V—+W— =-——
at ax ay az

(81)
p az

Ifpressureisa functiononlyofthedensity[isen], then

aQ=Q*
ax u ax

In thefollowingequationsa steadyfrictionlessflowis
postulated.

(82)

Combinationsofbasicequations.–Combiningequations(8o),(81),
and(B2) yiel&3onenonlinearclifferentialequation

[ isen]

-.

.=

.

.

—

——

.—

. .
——.—

.

—

—

(83)
..

-.
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. Forirrotationalflow [irrot]thefollowlngp~ly geometric
● relationshold
. &=& &=ag &=& [h-rot]

ax ay & az az ax
(84)‘-

[hrot] (85)

Combining(84),(85),and(83)givesthedifferentialequation
forthev~locitypotential

---

2 i320a4a~ 2 a20 ao ao 2 a2Q aoao
—

—— .— - —— .—. ——
axzady ax ay a2 ayazbyaz

— — . 0 [isenirrot](86)
a2 azaxaZax

Cyliwlricalcoordinate6 (x.r.Q 1.—Theclifferentialequation
forthevelocitypotentialis

2 a% aa aa 2 a%aQa9 2 ?)2Qad?bQ—— ——— —— ——— —— —– ~ a~r ax ar a=h+axaOax a61 a?r2&a6 & ae
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lindt&tcalCoord&nateawl~trr (x.r).- In this .
systemx ismeasuredinthedireotlonoftheundisturbedflowand .
r ismeasuredperpendicularto x. Thevelocitycomponentsu, v
sremeasuredinthe
tionofmotionis

x and r directions,respectively.The&qua- -

Thecondithnof irrotational.ity
au—=
h

[trrot1 (89)

Thedifferentialequatimforthepotentialoftheirrotational

M“earizedFcu!ms.-Theperturbationsfrcmtheundisturbedflow
areassumedto;e smallenou@ sothattheirsquaresandcross
productscsnbenegleoted.ThevelooitypotentialiswrittenIntwo
pas, thatis, 0=v= +q. Thevelocitycomponentsare

u= Vo + Ut .t=?g

v= Vt ~,=q
by

(91]

w= # 292
“ = az

Fortwo-dimensionalflowthelinearizeddifferentialequation
fortheperturbaticmpotentialis

(92) ‘

.’
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. .

.

Thegeneralsolutlontoequation(92)iS

Q= fl(x+=y)

where fl end f= are=b itrary

p= =A/MO=-l

+ f2(x+p~y) (93)

functionsand

%=2

Forthecaseofsxitiysymmetricsupersonicflow(thinhodies
ofrevolution)thelinearizedformincylindricalcoordinatesis

Thegeneralsolutionto thisequationis

(94) “-

‘ (95)

.-.

E and q sxe vaxiablesof integratiori,
z=~

f(~) isan srbitraryfunction

Equation(95)canbe usedtocalculatethepressuredistribution
abouta
at zero

slenderbodyofrevolutionof
angleofattack,by usingthe

arbitrsryshape(butpointednose)
followingadditionalequaticms

(96)

(97)

.
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f(x) &
—=r —
V. &

Othersmetimesusefulrelationshipsare

1
-r f?(g)(x+) U

-f‘o

II- SUFEIEONICllU-

A - One-DimensionalTheory

WA TN HO. 1428

(*)

(99)

I P,T,P,H
Pa>% I A,a,u,l&

P&qa~
p*,lY
p*,A*

Theuseofthecontinuityeguatianinthefozm

puA= p%*A* = orxts~t (loo)

requiresthattheflowbe assumeduuidimensional,&at is,it
requiresthatthevelooityprofilebe straightandthevelocity
camponentY beneglected.Then U%v.

By couibiningtheaboveequatfrmwithsuitableequationsin
sectionGB, thefollowingequationsforthearearatioarederived

( )’)q +1

Ax 2(7-1 1.728M—= [isen perf1AM— = (1+ o.2M7~
(101)

l+~M2

.-

..

(-
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:=(:) (Z&)- [l..Z&(’L)’ ] : ,iserl,e&l(K@

A*
Wnericalvaluesfor ~ willbefoundh table

functionof M .~--

IIasa

ThecompressibleflowequaticmsofsectionI end
-lues intableIIareapplicableintheunld-nsioti.

..

..

B -‘NozzleIk.ta

Maximumtheoreticalccmtractim

supersonicflowincliffuserentreme

ratio that permits

()
‘A
AL* -

thenumericel

Al*
I

analysis ●

startof
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--
Thefollowingequationisderivedforunidimensionalflowwhich .

isisentropicupstreamanddownstretiof (but-notthr!ough)the
normalshockwave ..>A-.. .

27,000~~1 + 0.2M02)3

q43”5m02_ ~)2.5

.—

Whensupersonicflowhasbeenestablishedinthediffuser
entrancethenormalshockwavestandsdownstresmofthesecmd .-
throatAl+. *

Supersonicdiffuserswithoutinitialbotidaryleyercheckthe - -
theoryveryclosely”,butifthereisem initialboundsrylayerthe
msxtiumcontractionratioisreduoedsndtheequationisa fair
first--approx~tion. .—

c)

.-
A.

Numericalvaluesf’or— maybepickedfromthecurveof
figure1. l*=.

..

.“
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III- SHOCKWA=

# A.-IJormslShockWaves

Thepreviousrelations-forisentropicflowarevalidfor
pointsoneithersideofa shockwave(e.g.,Q aqdO, or1 and2),
butnotacrossit.

Uao

M=l -
‘a=% ‘a

/ P.a.
u= a*

Pa aa

Thegeneralenergyequation

$+h=ha (asswnlng adiabatic flow)

\
‘: -I-CPT= cpTa (assumingadiabaticflow

ofa perfectgas)

U2 YP7~
—+ —.=— —
2 y-1p 7-1Pa

u’ P+cvT=~+c T—+-2p Pa ‘a

u= a2 ~’ 7+1 2
—+— — —
2

a*
7-1= y-l= 2[7-1)

(106)

Hence

Ho . Ha

H= . H2

T2 = Ta
(107)
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Togetherwiththemomentumequation

Po + POU02P1 + P1U12 (108) :

andthecontinuityequation

Pouo= plul ., (109)

theenergyequationyrovidesthefollowingrelationsacrosstheshock
wave

Uoul

Po—=
PI

. .

= ~*2 (Prandtl’srelation) (110)

(7-l)P1+ (Y+l)l?o
(Rsmkine~ugoniot-relation) (111)

(7-1)3?0+ (7+1)P1

Given
(~> 1,())

--

(y-l)Moz+ 2 MO=+ ~
M12=

zy~~ - (y-1)= ~= -1
(112)

I?z 27M02- (7-1) %2 -1
—= E.=
Po (y+l) ‘~ (113)

P= U. U02 (y+l)Mo2 6%2—=—=
z = (y-l)Moz+ 2 =

(114)
P. U1 M02+ 5

T3 alz _ [2yMoz- (Y-l)][(Y–m+ + 21 = (W2 – N(M02 + 5)—=
To W2 (7+1)~’ 36Q2

(115)

.

—

~ = 2YM32
[

– (74) (7–l)M#+ 2
H y+l 2 1‘2=‘26-’(%2;5)-;

(u6) ..

.
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PI
[
4y~2 - 2(?+1)

a ~= (7+1)2 M#
.

27

(U7)

H& 27&2- 1(7-1)- *
7+1

(118)

(llg)

(120)

-riod. vd.uesfromequations(u) to (u-8)sregivenin
tableIII.

For ~ X sli@tlY~eater_ ~ity~ ‘e ‘oUmg ‘cries
areuseful

=1 - 2&(I&l)” +22(3!+1)’- ● ● . (121)
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35
==(w-..)x-x (~=1) 4 + ● . .

(7+1)~ + (7-1)
%2 = 27

6.5+1
=—

7

.5+6
=—

75

PI u~ (7+1)E + (7-1)6 E + 1—=—= =—
Po u= (y-l)g + (7+1) E + 6

(122)

(123)

(124)

(125)

(126)

Pl
[
(7+1)[(7+1)g + (7-l)]- 7

~= 47~ 1-=[6(6:;’)1-% ‘128)
!i=%=e -;

[
(7+1)g + (y-1)— - —

Ho pa = (7-1)g + (y+l)1;.g7:1.(6g~:;)-= ,-~

“-

.

%

.

.-

-

.

(129)
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[
q = (7+1)[(7+1)3 + (7-1)1
Po ky 1

29 ,

(130)

:=(7-1):=- ()(7-1)Zn ~
_ ~ ~n (7+1)g + (7-1)

=hlg
[(74 g+ (7+1)1

For

Hl
=1-

H~

=1-

(131)

weekshookwaves (6onlyslightlygreater - unity)

y+l 7+1
~’(bl)s+~ (g4)4-...

&( bl)3+$@’1)4-.. “ (132)

g=>
R u 7* (L.1)’ 7+1-~(b l)’+...

.&-l)g +(g-lr+... (133)

B - ObliqueShockWaves

An obliqueshockwavesotsas a normalshocktothecomponent
ofvelocitydirectedperpendicularlyagainstIt,whilethetsngential
componentisunchsmged.Henoesubstitutionof ~ sinf3for ~ and
Ml SiIi (E3- 5) for Ml inthepreviousrektions

P. To

a. Po

%

\
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providesequations(134)to(lkO)below.Theotherssxedetermined
by theconditfonthattheflowmustbedefleckdtbrou@~ n@e 50 ●

*
Againfromtheenergyequation(thesubscript2 refersto a

stagnationconditimsbehindtheshock)

T2= T&

az = %

Given % end e

(134)

(135)

.

T= aJJ [2Y~asins0-(7-1)][(7-l)~asins6+2]—=
To ao2= (7+l)%& sin2e

= (7%’ sin=’e–l)(kbaSinse+~)
36M# siz12e

(7-1)M02sinsf3+ 2 M02~~2 e + ~
M12sin2(8-5)=

(27~zsin2e - (7-1)= %2 sin2e -1

(7+1)%04Si112e- k (M02 StQ= e - 1) (7%2 sin2e + 1)
M12=

[27~z sin2 13- (7-1)][(7-l)MOZsinze + 2]

(136)

,.

(137)

.

.

.
(L38)



2(*2 SI13e cos e -OOt 8)
tana=

Mo2Elin28-2cot9
2 + M&Y+L4 sw e) = 2 +B&(y + 00s2e) (139)

. .

.

4

PI
[

(7+ly%f#sin=q (7-1)~%2]
—=

T
*

Hz 2[27%2 Sti2&(7-1)1[(P01402sti2 6+21

(140)

{“3%2 StU28(*2 + 5) - ~

5(’7MO=si?128=1)(MO=Sin=8+5)1 (141)

H1
[
27%2 sin28-(7-1)1[-* [7+1)~zsin=8[(7-1)~%2] ~

—=
PO 7+L 2[(7-1)~a S# e+21 1.

(143)
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[ ,+11-’’’[(;35::2:21‘144)27M#E3iIF8-(7-1)
= h

V=2
—=
~02

U1+V12 (?’+~~$fo4S~2 6’-4(~2sin’-l)(7%2 ~in28+1)

U02 = (7+1)%4 sin’e

36I@ Sti2e~(I&2Sti26-I)(7%2 Sti2e+5)
(145)

For weakshockwaves (~ sine onlyslightlygreaterthan
unity)theseseriesareuseful

El
=1-

Z

=1-

27— {M02Slnz(3-1)s+
3(7+1)2

~ (W2 sh2 e-l)3 + g

272
m (MO’Sinze-lp -...

(l&2Sinz0-1)4-...

m 272
— = GL (W2 fjj& fj+) 3. .—,
R 3(7+1)2 (7+1)3

(I&zsin26-1)4+ ...

35
(M# Sinze-l)s- ~

‘G
(%2 sin2G-1)4+ .● .

(146)

(147)

. .

.

..

..
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Given El and 8

%2= 2(cote + tan8)

OiII2e-tib(y+c0s2e)
(148)

Given ~ end 8

Ho expltcitrelationscsabe obtained.Thefollowingseries
(whichisidenticsltothatforisentropicflowUP tosndIncludtig
the
for

.

termin 82) isusedh Busemann~sairfoil
mall valuesof ~ (Inradians):

theory(reference

(149)
Po 4(M&=l)2

(7+1)g + (7–1) 6 E + I
=—MQ=sin=’8 = (150)

27

(7–1)g + (7+1)

7

E+6
=— (151)Ml=sln2(e-8)

(152)
MO=[(7+1)~+Q-1)R( g2–1)

M12= =
E[(7-1)E + (7+1)1

(7+1)~+ (7-1) 65 + 1

(7-1)g+ (7+1)‘~+6

E(5 +6)

.
,. (153) d

..
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T1 a12 6[(7-1)g + (y+l)] ~(~+6)—= —= =—
To X2 (7+1)E+ (7-1) 6g+1

EACATNNO.1428
“.

.

(*25= ~-l
)

2 a7hfc2-(7-1)-(7+1)~

7%=5+1 (7+1)E + (7-1)

(155)

v=2 2+V12‘1“—=—=1-
7.2

%2

(156)
*.

2(E2-1)
= 1- 5(’2-1)

.
(’157)

Mo4(7+l)g+(7-1)] %2(6 ~+1)

Equations(132)and(133)OfpartA ofthissectionsre
applicableto obliqueshocksas,weU astonormalshocks.

Useof!L!ables

Thefollowingvaluesforobliqueshockwavesmaybe readfrom
tableIIIprovided~ sin8 isusedinsteadof ~ inthefirst
cOlumn●

.

Furthermore,sinceflowthroughweakshockwaves1snearly
isentropic,campressicnsthroughsmellangles“5 maybe computed
fromtableIIas iftheywereexpansicmsreversed. ..
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EXJ?AIHCONAROIR!DA CORNER

- Prandtl-MeyerExpansion

Thefol.lowingequationsarevelidfort~ nsional,isentropic,
irrotationelflowofa perfectgas.

k Machlinefor%=1

/// //////// /// //////[/////////////
/
‘/

/

Thefinalequationfortheauglethrough
turntoexpandfran ~ =’1 toa Machnumber

or

whicha streemmust
M is ( u inde~ees):

-(.)OO-a)

- (90°- sin-l*) (lx)

Thepressureratio ~ correspendingto theMachnumberM
isgivenby (U and a h degrees):
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y-1

6)
Py 1

{
Z+ COS2r~[v+@oO‘z -a)]}

or

HimericalvaluesforU, as and p/’kwillbe foundh tableI
asa fumtim of M.

TheaboveequationsandthenumericalvaluesintxihleIIapp~
alsototheflowalonga cmvex curvedmrfaoeintheabsemeof
externalorrefleoteddisturb~cesintheregion-

UseofTableII

ConsiderstatlLmsO and1. If ~ ‘and MIS orpo/~ and
PJ% ~ ~ -r co~~ti~ at s~tio~ O d 1 areb, the
anglethroughwhichthestreammustturntoexpandfrom ~ to M=
w be found%y referringto Ul and ljoint8bleII andtaking
thedifferenceAu.

If % and A u arelmown,theauditionsat station1 ~ be
be foundby obtainingU1=UO+AUandloolr@intableIIunderthis
valueof U1●

Km exp&nsimsthroughsmallangles,pJpo my be eqmessed
inserieswhereAu=UZ- U. (inradiam)asfolhws:

.
.

.



(Aq2

+ (+2+7Y+5)2
[

(4Y4+28?+1.U2-8Y-3) 3
16(7+1)+– 24(Y+1) 1+~%=

W2} (Au)s+

includingthe

● ☛☛✎✍☛

Upto ana
identicalto thatforthepressureratio-. (Seeequation(149).)

.

*
.

..

termin (Au) thisseriesis

T- A3RFOIL THEORY

37

(160)

acrossobliqueshocks.

A.-Small-PerturbationSectionTheory

It is’assumedthattheangleof inclinationq of theairfoil
surfacerelativetothefree-stresmdirectioniseverywheresmall.
Thisimpliesthattheangleofattacka is small,thatthesurface
oftheairfoilmakesat ellpoiutsa smallangle u

%

(33Ithegeneralai=
foilequationsit

al isnotnecessary
thatthetrailing
edgefalJonthe. chordline.)

PO>Vos%
/—..——.

1 a
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withthechordline,andthattheleadingandtrailingedgesare
sharp.Thetheoryisnotvalidbelowthefree+tream.Machnumber
atwhichtheflowat ~ pointinthefieldbeccmessuhmnic.

Thepressureatanypointon”theairfoilisgiven by

P-PO _ C!l~+ C!2q2+ (termsofhigherorder)
&~2=Poo

where Cl amd C= arefunctionsof ~ givenby

C’=*
~= . (7+U%4-4W2-1)

2(%=-l)2

(161)

(162)

(163)

Valuesof cl and @ arelistedintald.eIV.
TheequationsofpertA thatfoJ&w arebasedontheworkof

C!.N.H.Lock (reference4) andhavebeendeducedfromBuse?m,ru’n*s
approximation(reference3),whichretainsthefirsttwotermsin
equation(161). CorrespondingequationsbasedonAckeret1~
approximticm(referenoe5),whichretainsonlythefirstterm,
canbe obtainedby ~.ettingC2=0 inthegivenequations.Theerror
resultingfromtheapproximationsusedinBusemannlsanalysisisof
theorderof qg; whereasinAckerettsanalysisitisoftheorder
of q2.

;,

.

.—

.

.

Toevaluati-theaerodynamiccoefficienlxforanygivenairfoil
sectionthefollowingintegralsarerequired:.

,
.

..
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a-
.
:

.

.

--

8

..

,.

1“

1“
.’

.,

.
●

-*

..

In general,allintegralsareevaluatedoverbothsurfacesofthe

.

(164)

J
airfoilfrom x =-1/2 to x=+ l/2. Thevalueof aat any
pointoneithersurfaceispositivewhen,toran observermoving
fromtheleadingedgetothetrailingedge,theabsolutevalueof
theordinateofthatsurfaceis increasing(seeforegoingdiagram).
AllsinglesszwinradianMasure. AJJ.lineardhmsions are
referredto the atifoilchord.

Foranyairfoilwithboththeleadingandtrailingedgesonthe
chordline, 10s O foreachsurface.

@m ral.airfoil.–Theforcecoefficientsformy generalafifoil
are

cl =

Cd =

+

(165)2CUX+ CZ(IOZ-l%)+ % (ILZ-IIU)

2c=a,2+ 2Cl(IOz-I~)cz+ C1(IZZ+ILU)

3@(Iq-Ilu)~+ c2(12z+12u)

2

- c2(14z-1~)

—

(166)

(167)

(168)

—.
—

—

.-
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shouldbe notedthattheformulssfor cd giveninthis .
areforthetotalwavedragonly,snddonotincludeany
ofvisooOity.

.

.

Foranyairfoil,(Gz + I%) iSeqm to minus the moss-

seotional area oftheairfoil.

Cal.airfoils.-Equationsforcalculatingtheaerodynamic
coefficientsforfivetypesarelistedasfollows:

1. symmetryaboutthechordline(x-is).— tithiscase
01= au =d thegeneralequationsreduceto

ymmetiyaboutthenormaltothechordlineatmidchord
&Al”- In thiscase a(x)= - a(-x)andthegeneraJ-
equationsreduceto

Cd = 2C@2 + CZ(Il~+ IIU)+ 3C2(111- I@ (173)

(174)

3. smtm aboutboththechordlineandthenormaltothe
~ord lineatmidchokd(x-androes) ●-

Cz= 2C=a (175)

cd= 2Cla2+ 2C111Z (176)

-.

●

q&=- Mdsza (177)
2 .

.
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4. boutthemidcherdnoint(oriuin).-rn this
zase au(x)= -at(-x)andthegeneralequationsreduceto

.

Oz = 2C1ai+ 2C110Z (lm)

2 + 4ClIoza+ 2C111Zcd= 2cla t179)

Becauseoftheconditicmsof s-try, incases1,3,and4,
theinte~s (164)needbe evaluatedoveronesurfaoeonly.

-.

A

Speoifictypesofairfoils.-?Zquationsforcalculatingthe
aerodynamiccoeff’icientsforspecifictypesofairfoil.sareas
fOllows:

1. Airfoilsmadeup of sew ntsof straight lines and c irmlar

QzxA.- COnsider a portion ofan airfoil surface ofcirculam-arcform
witha radiusr (inchordlengths)anda radiuscenteronthe
normalto theohordlineat x = s. Fora thinairfoil,toa
sufficientdegreeofapproximation,

u =UZ+U2X ,(181)

whereforconvexsurfaces(bothupperandlower)——

ul=~, a2=- -L
r r

andforconcavesurfaces(bothupper-d lower)

Ul=-:s a2=$

Fora portionofthecirculsr-arcsurfacebetweenthelimits
X.m and X=n, thecontributionofthisportionto the
integrals(164)is



42
“=

.

.

(182)

(Notethat m, n, and s aremeasuredfromthemid-chordpoint)

Thecorrespondingexpressionsfora straighl+lineelementof
surfaceareobtainedby puttinga2= O andreplaoingal with
theangleof Inclinationofthatelementrelativeto thechordline
withdueregardtosignsas definedtmediatelyafterequations(164).

2. Doub_due alrfOQ .-

—

.

.

.
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. Forthegeneraldouble-wedgeairfoilas shown
●:

.

cl = 2CI(Z+ C2[hZ2F=(lq)-hu2F=(ku)]

Cd = 2CUX?+ Clkl%(kz) +hu%(ku)l

+ 3Ca[hZ%1(kZ)–hu2F1(ku)]a

+ C2[hZ?Fa(kZ)+ hu?%(ku)]

wherethefunctionsF(k) aredefinedby

.

43

(186)

(183)

(184)

(185)

. .
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Valuesofthesefunctionsaregiveninthefollowlngtable:
+

k

0.
..05
.10
.15
.20
.25
.30
●35
.40
.45
●50

F1

--

21.053
I.I.*111
7=843
6.250
5.333
4.762
4.395
4.167
4.040
4.000

--

398,892
98.765
43●060
23.437
14.222
9.070
5ti796
3.47’2
1.632
0

-18:9:7
-8.889
-5.491
-3.750
-2.667
-1.904
-1.319
- o~833
- 0,404

0

3● Bico~exairfoilm_

k

.55

.60

.65

.70
875
.80
.85,
.90
995
1.00

F1

4.040
4.”167
4.395
4.762
59333
6.250
7.843
U.nl
21.053
--

F= 1 3’4

-1.6320,404
-3●472 o&833
-5*7961.319
-g.qo 1.904
-14.2222.667
-23●437,3.750
-43.0605.kgl
+8,765 8J389
-398.89218@47

-- --
h

.

Forthegeneralblconvexairfoilmadeup oftwociroulararm
as shown

(187)

+ 16Ca(ht=~2)a (188]
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.

--

.

--

.

.

.
.

AirfoilwithFlap.–Equationsforcalcula.ti~theasrodynamio
ccsfflcienksofan airfoilwithflapareas follows:

1. Generalairfbilwithflap.–

! 3’

Foran airfoilwitha plainflapofchord cf<~ as shown,
the,incre~ntsto the
thedeflectionofthe

(fk~)f = 2C1C f 5f +

aerodynamiccoefficientsas a %sult of
flapsre

) ~f2C2(IOZ+Iouf

(Acd)f= 2Clcf(2m+&)8f+ 2CI(IOz-1~)bf

+ 3C2(Iw+I~),f(2a~f)~r + 3& (Iz2–IIU)f ~f

()
&m~ = – Clcf(l-cf)bf– %(kz+ku)w

=f

(190)

.-

(191)

(192)
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wherethesubscriptf to theintegralexpressionindicates
thattheIntegrals(equation164) areeval.a%dinthiscase
overthechordof’theflap,thatis,from x . *-cfto X=*.

Thehing~ nt coefficientfortheflapis

Ch =-c~(cAf) +24-c)’ro~ro.)f-a(~@*)f
C2I +Iau)f(aAf)‘2+$- cf (Ioz+Iou)t(a~f)- 2 =( Sz

()C2 1
+- ~- Cf (Iq-Ilu)f– *(% 2–14u)f (193)

2. Airfoilwithstraight-sidedsymmetricalflap.-Forany
airfoilwitha symmetricalflaphavingstraightsideseachof
whichtie an angleT withthechordlineoftheairfoilat
thetrailingedge,

(Al )f = 2(c@c2T) Cf?lf (194)

m~ACmA=–(cp2c*T) Cf (1-cf)bf
2f

(195)

(196)

.

(197)
.
.

.
.
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LimitsoftheTheory.- Alloftheforegoingeq,uationsof
sectionV-Aaretheoreticallyvalidonlyiftheflowfieldisevery-
wheresupersonic.Foranygivencasetheminimumfree-streamMach
numberat whichthisconditionexistscanbe detemlnedfromthedata
of sectionVI asfollows:

Fortheangleofattackinquestion,dete?minethemeximum
angle 19Sthroughwhichthestreamisdeflectedina compressive
directionat theleadingedgeoftheairfoil.Theti~ free-
streamMachnumberabovewhichtheforegoingequationssrevalid
isthengivenby thecurveinfigure2 whichdefinesa ~ch n~~er
ofunitytitoftheshockwavefora wedge.

B- largeJleflectionSectionTheory

Withtheassumptionof zeroviscosity,thepressuredistribution
overa givenairfoilat a givenanglecanbe plottedwithgoodaccuracy
withtheaidofthedataonflowaboutwedgesfromsectionVI andon
expansionarounda cornerframsectionIV. Thesectionforceand

.,- momentcoefficientscanthenbe foundmoreaccuratelythanwiththe
smell-~rturbatimtheoryofpartA by graphicalorn-rical integra-
tionofthepressured.istributim.

. 1/
//
1,1 .Conaitlon2

.

/,’

Twoconditionsarepossiblewithregsrdtotheflowoverthe
surfaceofanairfoil:

pxlaiticxi 1- Theflowat theleadingedgeischaracterized.
by a compressionthrougha shockwave,as onthelowersurface
oftheairfoilintheprecedingfigure.
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condition2 - Theflowat theleadhg
izedby auex-ion arounda corner,as on
theairfoilinthefigure.

edgeis charactez=
theuppersurfaceof

..

.

,-

.

Themathodtobe followedinplottingthepressuredistributionIn
eachcaseisoutlinedbelow.

Consi,-kl,onl.- Thepressurecoefficient~ at theleading
edge~ustbehindtheshockwam iegivenby

(198)

Thevalue of (~/po) inthisequationISfti fr~ fi~e 3S
where,forthiscase, b isreplacedby ~
(m/P.)●

@ (P/Po) by
‘I!bevalueof (qJpo) isfoti frm tableh as a

functionof ~.

Thepressure
isthengivenby

..

coefficientP at anyotherpointonthesurface
.

(Po)

Thevsluesof (9JPJ - (m/Po) - -*~-=

Thevalueof (g/~) mn be foundas follows:

DeterminetheMaohnumber~ fromfigure4 where b Is
replacedby ~E and Ml by ~. Readthecorrespondingvalues
of u~ and
thevalueof

where Aq iS
givenpoint.

(PJJj@)fromtableIIas a functionof ~. C!cmgnlte
u atthepointinquestionfromtheequation

t)=U~+Aq (200)‘

thechangeinanglebetueentheleadingedgeandthe
Findthecorrespondingvalueof (p/E)fromTableII.

..
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Thedesiredquemtityisthengivenby
.

.

(201)

Condition2.- h thiscasethepressurecoefficientatany
pointonthesurface,includingtheleadingedge,isgivenby

(202)

Thevalue of (~/Po) iSdeterminedfromtableIIas a functionof. ~. Todetermine‘p/po,firstfind Ub and pa/H fromtableII
as functionsof ~. Find u

v

at thep61nt

=Oo+q

in qi%stionfrom

(203)

where q istheangleof inclinationofthesurfacewithremeetto
thefreestream,a& determinethecorrespondingvalueof (p~H)f&om
tableIl. Thedesiredratioisthengivenb~

(2o4)

—

Limitsoft~etheory~ Thellmitd thelarge-deflectiontheory
as re~s minimumMachnumberisthesameas thatoutlinedforthe .-
s?nal&perturbationtheory,i.e.,theflowfieldmusteverywherebe
supersonicinorderthatthetheorybe applicable.

.
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:

It istobe notedthattheapplicationofPrandtl*yerflowto
theexpansionimmediatelybehinda shockwave(asisdoneinthe
analysisofconditim1,)isnotstrictlyjustified,evenh a
nonviscousfluid.However,it isa goodapproximation
conditions●

C.Small-l?erturbationSweepbackTheory

Theeffectof weepbackfora constant-chordwing
spanhasbeend&rberminedbyBusemann(reference6) and

toactual
.

of infinite
byLudwieg

andWeber(reference7). Thetheoryisbasedon@ sam assumptions
as thesmall-perturbationtheoryofpartA. Inapplyingthetheory,
thefree-strearrhlachn&iberisresolvedintoa componentparallelto
theleadingedge ~ ~inA, whichhasnoeffect‘onthesurface
pressures,anda componentperpendiculartotheleadingedge % cosA .
Theliftforceactingperpendiculartothefree-streamdirection,and
thedragforceactinginthehorizontalplaneperpendiculartothe
leadingedgearethenthes- astheliftanddragforcesthatwould
actonan unsweptwingata streamMacknumberof ~ cosA. The
resultingequat20nscorrespendtoAckerettsequationsforairfoil
sections;thatis,theyarebasedontheretentionofonlythe
first+ordertermin q inequation(161).,~

Normalsection

Streamwisesection

Twocasesareconsideredwithrespecttotheangleofattack:

(1) Forthecaseinwhichthewimgisrotatedaboutian axis
parallelto--theleadingandtrailingedges,theforcecoefficientsare

(205)

-.

.

,
.

.
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cd =

+

(2)

k cosA

4%2 Cos=&l

2 Coe=A

A& COS2&l

Forthecase

~2 + k CC)S2A

&2 COS=A-1

(IIZ+I~)

(Ic@o-Ju

(206)

inwhichthewingisrotatedaboutanaxis

apply

cl =

cd =

+

perpe~icular to thestreamwise

a ‘* “2-%”)
(207)k COBSA .

&= COS2Al

Theangleofattacka
theundisturbedstream,

directi~nthefollowingequations

s+ k COS4A

(112-IIU)

(101-1%)a

(208)

(inradians)inbothcasesisthe-ande between
a&i thechordlineofa streamwisesec~lonof

thewing. ThsintegralsI, definedby equations(164),mm here
evaluatedfora streamnl.sesectionofthewing,thatis,fora section
takenprallelto thegeneralundisturbedflow. (TheintegralsIO
arezeroforalla&foilsinwhichthechord.linepassesthroughboth
theleadingandtrailingedges.)

-.
If it isdesiredto evaluatetheintegralsI fora n-

sectionof thewi~, thatis,fora sectiontakennormalto the
leadingedge,theforegoingequationscanbe modifiedwiththefol.1~
ingrelationships
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1= = (Il)nCOSA

(209)

(210)

wherethesubscriptn referstoa sectiontakennormalto the
leadingedge.

Thecenterofpressureoftheswept+backwingat anangleof
attacka hasthesamechordwiseposition(inpercentchord)as
woulda normalsectionofthewingsetatan angleofattackof
a/cosA (case1),or a cosA (case2) ina two-dimensionalstream
ofMachnumber~ cosA.

Fora givenangleofattacka, theforegoingeqpationsare
theoreticallyinvalidbelowthefree~lzream.Machnumber~ atwhich
thequantity~ cosA becomesequalto thelimitingl&chmmher for
thenormalsectionofthewingwhensetat-anangle a/cosA (case1),
or a cosA (case2) intwtitinsionalflow(partA). —

~.

n - FLowABOUTT4EDGFlsANDCONES

Whena bodymovesthroughairata uniformspeedgreaterthan
thatofsound,a shockwaveisfornwdwhichremainsfixedrelativeto
thebody.A pointedshape,thatis,a twtiimmsionalwedgeora
cone,formsam obliqueshockwavethecharacteristicsofwhichare
determinedby theverticalangleendthefree-s- Kch nmiber.At
highMachnuniberstheshockwaveorighateefromthepointandYorms
an anglewiththebodyaxisthatrvariesinverselywiththeMach
mmiber.Whenthespeedisreducedto a certaincriticalvaluewhich
dependsupontheverticalangle,theshockwavebecomesdetachedfrom
thepointemdstandsaheadofthebody. A comparisonoftheconditions
underwhichshockwavesbecomedetachedfromwedgesandconesisshown
infigure5 whichpresentsthemaximumwaveangleandthemlnlmum
Wch numberatwhichshockwavesareattached.A comparisonofthe
flowconditionsaboutbothconesandwedgesisshowninfigure2.
Thesecharacteristicsweredeterminedby theoreticalcomputations
thatagreeexcellentlywithexperimentalresults.

A - FlowAboutWedges

Theequationswhichdescribstheconditionsabo~ttwo-di?mnslonal -
wedgesinsupersonicfl~waregiveninsectionIV,part=B,Oblique
ShockWaves.As explainedinthatsection,thefollowingvaluesmay .
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be detemninedfromtableIIIif ~ sinO isusedinplaceof ~
inthefirstcolumn:

Figures3, 4,and6 givethecharacteristics(i.e.,P=/PO,Ml,ed
9W,) of obliqueshockwavesforwedgesofa givensemiverticalangle
8 as functionsoffree~treamMachnumber~.

—.
—

B – FlowAboutConss

TheconditionsaboutconesIn supersonicflowhavebeencalculated
by G.I.TaylorandJ.W.kccoll,andhavebeenreportedinreferences

-- ‘1and2.Theresultsofthesecalculationsareshowninfigures7 and8;
thefornmrshowsthewaveangle 8W andthelatterthepressurecoeffi-
cient P forcones. ofMachnumber~.

Theviscosity
itsvariationtith

ormoreaccurately

.

..

ofvaxioussemivertlcalangles8s as a function

APPENDIXA

VISCCSITYOFAIR

ofairis sensiblyindependentofpressure,while .
temperatureiscloselyrepresentedby

P2 0.76

()

‘&—=
V1 ‘~

(A-1) ‘

by Sutherland’sformula(Tin‘R = OF + 46o):

V2
()

T1 +.216 !T2‘/2—=
V1 T2.+216 ~

(A+) - ‘“

●



\

The following valuesof p arebasedonSutherlandtE formula:

-1oo 0.2 4
&

-30
-90 .20 -20
-80 .287 -lo

.2g4 o
z % .300 10
-50 .306 20
-40 .313 30

—

0.319
.325
●331
●337
.343
.349
.3!55

T

(%)

40

i%
70
80
90
100

APPENDIXB

MmK)LDsNuMEER

ReynoldsNuniberisdefinedas

pvo2 ?T02Re=—=—
M ?)

4w()Q4!!2G
ft=
xl-u-=

0.361
.366
.372
.378
.383
9389
.394

..

.

.-

.,
“.

..

.,

.
.

.

-..

.

“.

(B-1) ‘

I

where 2 isa characteristic lineardinwmion.

Approximately,forairfoilsat sealevel,

Re = 10,000(V.inmph)(chordinfeet)

ThevariationofRemoldsnumberperfootwithMachnumberfor
altitudesisgiveninfigure9.

(E-2) ‘
various’:

In a high-speedwindtunnel(subsonicorsupersonic)assuming
isentropicexpansionfroma totalpressureH, andusingequation .

forthevariationofviscositywithtemperature,theRemolds ‘
numberperunitreferencelengthisgivenby

.

,

,
,

..
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(B-3)

. .
.

. .

usinga constantvalueof H, theReynoldsnuniberperfoothas
beenplottedinfigure10as a functionof M forvariousteger-
tures k.

..-

*

“.
. .
.

..”

r..
. .

APX!ENDIX c

HUMIDITYI?EIATIONS

Thefollowingrelationshipsd.representedfor
sadvaporpressure:

Specifichumidityof air;

s Pv .*
= 1.61(ILh) .

Relativehumidityofair;

.,. .
.

.
. .

Densityofair;

.
.

.
.

thehumidity,density,

(H)

(H- ~) (pSi)
w=

~ = ~ = 2“70(MO + Td)PF)

(c-2)

(G3)

!

(Q)

..

,’ .—
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.

Vaporpressureframpyc=tiic data(Ap@hn)

H (Ta- Tw)
P =Pw- 14.7psi 90’3?

where

(C-5)

specifichumidity
relativehumidity
pressureoftheairandvapormixhuce
temperature(dry-bulb) ofmixture
wefibulbtemperature
saturatedvaporpresm.mecorrespendingto Td
saturatedvaporpressurecorreapondingto Tw
saturated vaporpressurecorrespendingto dew-pointtemperature

SaturatedVaporI&essureofIceandWater

4 P
psi I I;P4P psi psi

-90
45
-80
-75
-70
-65

-55
-50
-45
-40
-35

.000o~

.00009

.00012
●00019
●00024
.00035
.00050
.00070
.00098
,00136
●0019
.0025

-30
&5
-20
-15
-lo
–!5

;
10
15
20
25

●0035
.0046
.0062
.0082
.0108
.0142
.0185
●0240
●0309
.0396
.0505
,0640

30
35
40
45
50
55

2
70

.0808

.1000

.1217

.1475

.1781

.2141

.2563

.3056

.3631
●42g8
.5069
●5959

4P psi

90 .6982
95 .8152
100 .9492
lo~ 1.1016
110 1.27M
115 1●4709
120 1.6924
125 1.9420
130 2.2225
135 2.5370
140 2.8886
145 3.281

—

.

Foradditionalvaluesseereferences8 and9.
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APPENDIXD

CONVERSIONFACTORSANDCWSTANTS

Ressures

Multiply+ stand-
-by U&

%
in.H&O in.Hg

to obtain
cmHg ad

+
atmos-
pheres

lb/in? o.oo6g440.036130.4z2 0.1934 14.70
lb/fta ld il. 5.204 70.73 27.85 2117
in.%0 27.68 .1922 13.60 %& 406.8
~. Q 2.036 .01?414 .;7353 29.92
cmHg 5.171 .03591 .1868 2.$40 1 76.00
Standard
abnos- .06804 .0004725 .002458.03342 .01316 I
pheres

Multiply

Milesperhour

(l&lesperhour)2

Radians

Square~ters

Sqwe inches

Centipoises

Pounds(avdp)

by

22— = 1.467
15
2.151

180— = 57.30K
10.76

6.452

1.45x lr7

7000

to obtain

Feetpersecond

(Feetpersecond)2

Degrees

Squarefeet

E@are centimeters

Lb sec/ina

Grains

2.3026 Zlle

3.14159
2.71828
0.241fcmdryair,roomtemperature,atmosphericpressure
0.173fordryair,roomtemperature,atmosphericpressure

1718*‘m ‘i’air
980.665cm~sec== 32.174ft/sec2

—

.
.
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AEE’ENDIXE

:

NACASTANDARDATMOSPHERE

VariationofTemperature,Pressure,andDensitywithAltitude

Foraltitudesupto thelowerleveloftheisothermalatmosphere
(35,332feet),~ foll~i~ e~ct eq~ti~s areapp~icable(refe~
enoe10):

T =Ts-jj-Ch (Toussafnt’sformula) (E-1)

P
(

s.255
~= l–& )

(

4.255 (hinfe?t)

&= =–& )

where

T ahsolutetemperature
c constant
h altitude
P staticpressure
P density.

SulscriptSLrefersto sesAevelconditions

FortheEnglishsystem

ML = 518.4%
c = 0.00356617 ‘
h = altitude,feet

b

(E-2)

(E-3)

For themetricsystem

TSL= 288%

T=

c = 0.0065
h = altitude,meters —

In theisothermalatmosphere(35,332< h < 104,987ftjand
392.4%) thefollowingequationsapply(refereuen):

.-

.

.
.
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.

()%L h
@%o ~

h
— -909759= 122c862Tm= k8211

Tm . h
h— – 11.9900

392.k

P P TSL.=— —
Pa PSL T

where Tm hamonicmesntemperature,OR

Equationsapplicable’toaltitudesabove
isothemndatmosphere(1o4,987f-t)aregiven

ViscosityRelationships

(E-4)

(E+)

theu~per levelcfthe
inreference12.

me coefficientofviscositycanbe determinedcloselyfrom

0.76

()&= &

.

ormoreaccuratelyfrom(seeAppendixA)

v (TsL+216
3/2

6X )
T—=

w T +21 ~

Tin %=%+460

TsL= 518.4~

IJ = 0.371x 1P -

TableofProperties

Valuesof temperature,speedof sound,pressure,viscosityand
q/@are givenintableVas funotionsofaltitudefortheNACA
standardatmosphere.
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volt

.21E4!

.2284

.2265

%%

.W2a
,2429
.2470
.2611
.2331

,2392
,24W?
.2072
.Wn2
.2758

.Eml

.2231

.227U

.W02

.2942

.2962

.3W6

.ac@s

.SMJ
,s142

.?mo

:%&!
.3294
.3331

.s289

.3402

.s443

.34W

.3317

:x%
,s626
.?lees
.s622

.8734

.s769

.3206

.3240

.EW3

.Wlo

.3946

.sum

.4014

.4042

.4022

PlPa Vol+ Voltla

.4879

.4W2

.5006

.5167

.6249

.5341

.5432

.532s
:$164

.6795

.32-W

.6976

.60s4

.6133

.6242

.6i33a

.64M

.M06

.6692

.W20

.6767

.660s

.8240

.7028

.nll

.V1’w

.72s0

.7366

.7449

.7532
,7616
,?ma
,77L31
.7aa3

.7943

.8027

.Blw

.81B9

.2269

.s342

.0429

.B12m

.6587

.2665

.6744
awl
.asw
.W7e
.9062

.0329

M ?/fa alaa V.fa4 v.Jc.# Dh PIP* .4%
—
,Im
.01
.02
.U5
.04

.03

.06

.07
,02
,09

,lo
.11
,12
#m
,14

m
,16
,17
,la
m

,20
,s1
,22
,23
,24

,?5
S6
,27
,S2
#m

30
!s1
,s2
,S3
,34

36

E

,%

40

:

z

43
46
47

z

m

.Om

.9999

.9WI

.9EW

.WaE

.9$33

.9976

.9966

.W36

.9944

.9960

.9916

.9900

.Wa3

.2a64

.2+44

.W2a

.Ww

.%776

.9751

.97Z6
,9697
.9248
,9668
.WLv

,2376
.9541
,W-J6
,9470
,94s.3

,2323
,9336
,=15
,9274
,%231

,912a
,9143
!ewa
,0332
,4W4

,8966
,8937
,3257
,3907
$3765

1s703
Sam
sow
,s4s41
,s426

,M24

L.Cow
l.woa
.9992
.W96
.W9i?

.wm

.92E4!

.24%

.WB2

.W60

.W60

.9940

.W2B

.W1’5

.99W

.maa

.2273

.W57

.9640

.m22

:$%
.Ww2
.6740
.971a

.9394

.96m

.9646

.9619

.9S92

.2564

.2333

.Wsw

.247e

.9446

.9412J

.mm

.U547

.X41.3

.9272

.9243

.V207

.91m

.9132

.0294

.4053

.mls

.B976

.8Q35

.0294

.Fmw

1.owC
1,(MW
.999E
,wee
.9997

.WW

.922s

.waa

.9227

.9924

.9!W0

.9976

.9971

.9966

.9961

.9WJ6

.W49

.9942

.9!M6

.9%?6

A&l
.9913
.W4
.!2096
.W36

.9277

.s267

.9W6
,9245
,W36

.W26
own
.WW
.9727
.W74

.6761

.4747

.W33

.WM

.4-705

I.*WOO
1.COW
l:CCQ:

.WW

.0992

.9996

.4996

.9994

.W92

.9-WO

.9wa

.WB6

.2923

.Wan

.9976

.W74

.W71

.Wea

.W34

.2950

.9966

.W52

.Wa

.W4S

.9s32

.W2S

:%
.6917

.wll

.6W6

.9399

.Ww3

.wa6

.Wca

.01721

.03461

.OEM

.06201

.U96W

.1(XM

.lwa

.12.77

.lMa

.1716

.IB27

.2fM6

.2224

.2391

.21W

.2%

.2827

.?031

.32M

.3274
,s634
.3W3
.3261
.4007

.4L6Q

.ala
,4467
,4616
,4767

.OIL

.02121

.03224

.04321

.06476
,0667C
,07654
.oB73a
.02631

:%4
.1313
.142$?
,lwl

,1C39
.1742
,1287
.1%ss
.X74

.21a2

.2290

.23s2
,2306
.2614

.272e

.2629
,W36
.5M3
.Slm

.3!457

.X464

.s470

.3676

.3422

S&a
Sa26
Saw
,41,04
,4209

,4313
,44X3
,424?2
s4S26
,4729

,4W3
,4W6
#ma :
,6141
.3243

,5346

a
.Olcm
.0zcK4

:%%

,049%
.06094
,06w’i
,0799E
.089sS

.Ow!xl

.lw9

.llW

.I-24%

.W%7

,1497
,139e
,1695
.1794
.law

.1992
,2091
.!4169
,R4&9
.mas

,2426
.W6s
.93,21
.27’78
,W76

.W73

.W71

.3MB

.s256

.3361

.843’2

.s334
,s030
.s740
,$am

.i3!w7

.4533
,41sa
.4222
S43L7

,441J2
,4606
.4692
.469s1,
,472a

.4972

.3a

.51

.52

.63

.64

.84?M

.2-574

.8317

.8259

.6201

.2142

.4282
,2022
.7962
.7901

.7240

.7V72

.7716

.7664

.7691

.75X3

.74249

.7401

.m432

.’R?74

.7204

.7146

.7080

.7016

.6951

.6s36

.6221
;67:$

.66W

.65eJJ

.6495

.6420

.6365

.63q

.6256

.6170

.610&

.W41

.5077

.5915

.3249
,6766
.5721
.3368

.6396

.3332

.6449

.0407

.6345

.52s3

.2262

:E
.2723
.0679

.8634

.Ww

.4b44

.8496

.8461

.8406

.8357

.2310

.22&2

.s4!13

.ale4

.alw

.W66

.aolo

.7966

.7916

.7255

.7a14

.77a2

.77X4

.7650

.7502

.7357

:T2

.7400

.7347

.7296

.7249

.71B2

.71S6

.Vo2s

.Vo30

.6977

.6934

.6a7a

.6217

.6764

.6nl

.366a

.wa4

.6551

.6498

.6445

.2s9!4

.6339

,9524
.Ww
,9427
.946$
.9449

.9430

.9410

.mm

.WTo

.9349

.9223

.W.07

.9226

.’4266

.9243

.9%21
,91W
,017a
.mm
,elm

.9107

.s034

.W61

.W37

.2012

.s9a9

.8964

.8940

.a916

.2290

.aaa3

.asm
a-ala
.a7w
.a763

.2737

.E$?ll

.8625

.8639

.8622

.aooa

.6379

.8632

.s625

.844a

Awl
.8444
.8416
.2389
.W61

,6333

.9799

.9750

.9740

.9730

.2721

.9nl

.9701

.96WJ

.9680

.9669

.9662

.9647
,9636
.9626
.s814

.4605

.s591

.2372

.2667

.9333

.9643

.WM1

.9619

.9306

.9494

.9421

.94W

.9465

.944?

.9429

.9416
:9402
.9329
,9375
.E2M1

.W47

.Ww

.8319

.%506

.9291

.9277

.9282

.W4a

.92s5

.W2E

,9204
,91a9
.0174
.9139
.9144

.#im

.74C4

.7L?89

.7672

.77’73

.7a72

.7962

.8063

.8136

.8’244

.2331

.B416

.B4w

.2572

.B65’/

.2722

.BBw

.s377

.8943

.9018

.9076

.91S6

.9197

.9234
,9309
,8362
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2.527
2.564
2.580
2.607
2.635

2.662
2.689
2.717
2.744
2.772

2.800
2.828
2.856
2.886
2.913

2.942
2.971
2.999
3.028
3.058

3.087
3.116
3.146
3.176
3.206

3.236
3.266
3.296
3.327
3.367

3.38a
3.419
3.450
3.481
3.512

3.644
3.576
3.607
3.63Q
3.671

3.703
3.736
3.768
3.800
3.233

3.886
3.899
3.932
3.965
3.898

.s4.032

q/H“

.4093

.4086

.4071

.4056

.4041

.4026

.4011

.3996

.9980

.3964

.3947’

.s931

.3914

.3897

.3879

.3862

.3844

.3826

.3808

.3790

.3771

.3763

.3734
:::;:

.3677

.3667

.3638

.361S

.3698

.3679

.3669

.3539

.9518

.3498

.3478

.345s

.3437

.3417

.3396

.3376

.3355
●3334
.3314
.3293

.3272

.3262

.3231

.3210

.3189

.3169

.3148

.3127

.3106

.3085

.3066

.3044

.3023

.300s

.2982

.2961

.2941

.2920

.2900

.2879

.2869

.2839

.%?818

.2798

.2778

.2758

1.376
1.387
1.399
1.412
1.424

1.436
1.448
1.460
1.473
1.485

1.497
1.509
1.521
1.533
1.646

1.556
1.588
1.680
1.692
1.604

1.616
1.627
1.639
1.6S1
1.662

1.674
1.686
1.697
1.702
1.720

1.732
1.744
1.736
1.767
1.778

1.720
1,801
1.812
1;824
1.836

1.847
1.858
1.869
1.881
1.892

1.803
1.915
1.926
1.937
1.948

1.960
1.971
1.982
1.993
2.004

2.016
2.027
2.038
2.049
2.060

2.071
2.082
2.093
2.104
2.236

2.I.27
2.I.38
2.149
2.160
2.171

2.1.82

1/$

.7274

.7209

.7146

.7084

.7023

.6963

.6906

.6847

.6791

.6736

.6682

.662s

.6576

.6525

.6474

.6425

.6376

.6328

.6281

.6235

.6190

.6146

.6101
:6068
.6016

.5973

.6932

.6892

.6862

.5812

.5774

.573s

.6698

.6661
●5624

.5588

.6662
●5517
,5483
.5449

.5415

.5382

.6350

.6317

.5285

.5254

.6223
;:;{:

.613S

,5103
,5074
.6046
.5017
.4989

.4961

.4934

.4907

.4880

.4854

.4828

.4802

.4777

.4762

.4727

.4702

.4678

.4664

.4630

.4607

.458S

v

17.81
18.10
18.40
18.69
18.98

19.27
19.S6
19.86
20.15
20.44

20.73
21.01
21.30
21.t9
21.E8

22.1s
22.45
22.7s
23.02
23.30

23.59
23.87
24.15
24.43
24.71

24.99
25.27
26.55
25.83
26.10

26.38
26.66
26.93
27.20
27.48

27.’75
28.02
28.29
28.56
28.83

29.10
29.S6
29.63
29.90
30.I.6

30.43
30.69
30.95
31.21
31.47

31.73
31.99
32.25
32.51
32.76

3s.02
33.27
33.53
33.78
34.03

34.28
34.53
34.78
36.03
3.5.28

S6.53
36.77
36.02
36.26
36.50

36.’75

56.03
35.79
36.68
35.31
35.08

34.83
S4.62
34.40
34.16
33.96

33.76
33.54
33.33
33.3.2
32.92

32.72
32.52
32.33
32.13
31.94

31.76
31.57
31.39
31.21
sl.03

30.86
30.68
30.51
30.33
30.17

30.00
29.84
29.67
29.51
29.35

29.20
29.04
28.89
28.74
28.59

28.44
28.29
28.14
2s.00
27.86

27.72
27.58
27.44
27.30
27.17

27.04
26.80
26.77
26.64
26.61

26.39
26.26
26.14
26.01
25.89

25.77
26.65
25.53
25.42
26.30

26.12
26.07
24.96
24.85
24.73

24.62
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M IP Pb P/Pa T/Ta al% AS/A ~p q/E B I/p v %

2.40 6.7600 ●06240 .1472 .4647 .6817 .4161 4.032 .2732 2.182 .4608 36.75 24.62
i2.41 5.6081 .06734 .1456 .4626 .6602 .41.23 4*066 .2738 2.193 .4661.
2.4S 6.8664 .06630 .14s9

S6.99 24,52
.4606 .6786 .4085 4.089 .27’12 2.204

2.4s 0.9049 .06627 .1424
.4s36

.4586
37.2s 24.41

.0771 .4046 4.133 .2698
2.44

2.21.3
5.9536 .06426 .1408

●45L5
.4666

37.4? 24.30
.6766 .4010 4.168 .2678 2.226 .4493 37,71 24.19

2.45 6.0026 .06327 .1S92 .4544 .6741 .3973 4.202 .2636 2.237 .447L 37.96 24.09
2.46 6.0516 .06229 .u?? .4624 .6726 .3937 4.236
2.47

.2639 2.246
6.1009

.4449 38.12 23.99
.06133 .1.362 .4604 .671.1 .9900 4.271 .2619 2.259

2.48 6.1504
.4428 3S.42 23.66

Jx&33E .1347 .4484 .6696 .3864 4.306 .$3699 2.269
2.49

.4406 .58.66 23.78
6.2001 .1.3S2 .4464 .6661 .3628 4.340 .@360 2.280 .4s85 38.89 23.68

:::; 6.2600 .05863 .1317 .4444 .6667 .3793 4.375 .2561 2.291 ,4364
6.3001 .06762 .4426

39.12
.665s?

23.58
.5767 4.410 .2641 2.302 .4344

2.62 6.3604 :%%
39.36 23.M

,06674 .4406 .6637 .3722 4.443 .2522 2.31.3 .4323
2.63 6.4009 .05686 .M74 .4326

39.69 23.s2
.6622 .3688

2.54
4.421 .2503 2.324

6.4616 .06600
.4303

.1260 .4366
39.82 2s.22

.6608 .3663 4.516 .2424 2.335 .4263 40.06 23.18

2.56 6.5026 .cw&Lll .1246 ●4347 .6693 .3619 4.652 ,2465 2.346 .4263
2.66 6.5536 .03332 .1232

40.28
.4326

!2s.0!3
.6679 .3685 4.588 ,2446 2.35’7 .4243 40.61 22.99

2.67 6.6049 .06260 .121s ,4s09 ,6664 .3662 4,623 .2427 2.367 .4224 40.76 22.91
2.60 6.6564 .03169 .1.206 .4289 .6649 .3319 4*669 .2408 2.37a .4205 40.96 22.81
2.69 6.7061 .05090 .1192 .4271 .66s6 .3486 4.696 .2390 2.389 .4126 41.19 22.71

2.60 6.7600 .05012 .1179 .4262 .6321 .3453
2.61 6.8121

4.732 .2s71 2.400 .4167
.04936 .1166 ,4233 .6606 .3421

::6: Zi?.6!2
4.768 .2363 2.411

2.62 6.2644
.4148

.0486Q- .1163
22.63

.4214 .6492 .3369 4.W5 .2336 2.422
2.63 6.9169

.4U?9 41.86 22.44
.0478d .1140 .4196 As? .3357 4.842 ,2317 2.438 .4111 42.02 22.36

2.64 6.9696 .04711 .1128 .4177 .3326 4.879 .2298 2.443 .4093 42.31 22.26

2.66 7.0225 .04839 .1116 .4159 .6449 .3294 4.916 .2220 ;:4s: .4076 42.63 22.17
2.66 7.0766 .04668 .1103 .4141 .6433 .3263 4.963 .2262 .4067 42.76
2.67 7.1289

22.08
.044S8.,.1091 .4122 .6421 ..92324.990 .2246 2.476

2.68 7.1624
.4039 42.97

.04429.1079
22.00

.4104 .6406 .3202 5.022 .2227 2.486
2.69

.4022 43.19
7.2361

21.el
.04362,.1087 .4086 .6392 .3172 6.06S .2209 2.497 .4004 4s.40 21.82

2.70 7.291M .04295.1066 .4066 .6S78 .3142 5.I.03 .2192 2.608
2.n 7.3442

.s987 43.62
.04229 .1044

21●74
.4061 .6364 .3112 5.141 .2174 2.619 .3970 43.84 21.66

2.72 7.3984 .04163 .1033 .4033 ;656; .3023 6.179
2.73 7.4329

.21.67 2.~o .3963 44.06
.Oaos

21.67
.1022 .4015 .3064 ::5;;

2.74 7.6076
.2140 2.540 .s237 44.27

.04039 .1010 .3986 .6323
ZL.4Q

.3026 .2123 2.362 .3920 44.48 21.41

2.76 7.5626 .03978- .09994 .398a .6309 .2996 6.294 .2106
2.76

2.662 .3904 44.69 21.32
7.6176 .03917 ,09886 .3963 .6296 .2866 6.332 .2089 2.672 ●3287 44.91 21.24

2.77 7.6729 .03858 .09778 .3946 .6281 .2940 .5:5;; .2072 2.623 .3871 43.lf4 21.16
2,78 7.7224 .03799 ,09671 .S928 .6268 .291.2 .2035 2.S94 .3866 46.33 21.08
2.79 7p7841 .0s742 .09666 .3911 .6264 .2884 6.449 .2039 2.606 .s639 43.64 glow

2.80 7.8400 .03686 .0946s .3694 ,6240 .2867 6.488 .2022
2.81

2.616 .3824 46.76 20.22
7.8961 .03e29 .09360 .3877 .6227 .2230 6.627 ,2C06 2.626

2.82
.3808 46.96

7.9624 .tM674
20.86

.09269 .3860 .6213 .2603 6.567
2.83 8.0089

.1990 2.637 .3?93 46.16 20.77
.03620 .09168 .3844 .6200 .2777 6.606 ,1973

e.84 6.0666
2.647 .3777 46.37 20.69

.03467 .09059 .S627 .6106 .2730 6.646 .1967 2.638 .3762 46.67 20.62

2.23 8.1226 .03426 .08962 .3810 .6173 .2724 5.666 .1941 2.669 ;;37::
2.86 6.1796 .03363 .08266 .3794 .6169

46.78 20.64
.2698 6.726 .192B 2.679 46.98 20.47

2.87 8.2369 .03312 .08760 .s777 .6146 .267s 6.766 .1910 2.6%3 .3717 47.19 20.39
:::3 8.2944 .03263 .08676 .3761 .63.33 .2646 6.806 .IA* 2.701 .370s 47.39 20.32

8.3621 .cK12x5 .08681 .3746 .6130 .2622 6.846 .18?2 2.711 .366a 47.59 20.24

2.90 8.4100 .0s166 .02429 ~;sg .61= .2626 6.227
2.91

.1863 2.722 .3674 47.79 20.17
8.4681 .03116 .08398 .609S .2673 6.928

8.92
.1848 2.733 .3659 47.92 20.10

::;p4: .03071 ●08307 .3696 ,6080 .2649 5.96a
Z.9S .03026

.M33 2.743 .3646 42.19 20.03
908218 .3681 Ag8; .2624 6.009 .1818

2.94
$?.764 .3631

8.6436 .02980
42.3Q 19.96

,081.30 .3666 .2600 6.031 .1603 2.765 .S617 48.69 19.89

2.96 8.7025 .02936 ,08043 .3649 .6041 .2477 6.092 .1788 2.776 .360S 48.78 19.81
2.96 8.7616 .02801 .0795’7 .3633 .602S .2433 6.133 .1779 2.786
2.97

.3689 48.98
8.8208 ●02842 .07872

19.76
.3618 .602.3 ;:43; 6.176 .1760 2.797 .3676 49.18

2.98
19.62

8.8804 .02805 .07788 .3602 .6002 6.216 .1744 7?.607 .3662 49.37 19.61
2.99 8.94CU .02764 .07706 .3667 .6989 .2s64 6.268 ,1729 2.818 .3649 49.66 19.64

3.00 9.0000 .02722 .07623 .3671 .6976 .2362 6.300 .1716 2.828 .3636 49.76 19.47
Sol 9.0601 ,om62 .07641 .3666 .6966 .23s9 6.342 .1701 2.239
3.02

.3622 49.96 19.40
9.1204 .02642 .07461 .3641 .5961 .2317 6.384 .1667 2.660 .S609 l%o.14

S*O3 9*1.809 .026CKI .07362 .3626 .6938
19.s4

.2296 6.427 .1673 2.860 .3496 50.33 19.27
3.04 9.243.6 .02664 .07303 .3611 .6926 .2273 6.469 .1669 2.071 .3463 60.62 19.20

3.06 Q.302s ,02626 .07226 .3496 .691.3 .2232 6.612 .1646 2.881
3.06

.3471 60.71 ;;;;;
9.36S6 .02469 .07149 .3481 .62CQ .2230 6.365 .1631

3.07
2.892 .3458 60.90

9.4249 .02462. mo&4 .3466 .6087 .2209 6.697 .161.2 2.903 .S446 61.09 19.01
S.08 9.4264 .024M .3462 .6875 .2128 6.640 .M04 2.9X5
3.09

.3433 61.28 18.96
9.6461 .02380. .08926 .34s7 .6862 .2168 6.684 .ltml 2.924 .3420 61.46 18.28

3.1o 9.6103 .02346 .06862 .3422 .6850 .2147 6.%37 .1677 2.934 .3408 61.66 18.82
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3.1o

::s

::?4

3.15
3.16
3.17
3.28
9.19

3.20
3.21
3.22
3.23
3.24

3.25
3.26
3.27
3.2a
3.29

3.3a
3.s1
3.32
3.33
3.34

3.35
3.36
3.37
3.38
3.30

3.40
3.41
3.42
3.43
3.44

3.46
3.46
3.47
3.4a
3.49

3.60

3.60

3.70

3.80

3.90

4.00

4.10

4.20

4.30

4.40

4.60

4.6a

4.70

4.80

4.90

5.00

6.03

7.(N

8.00

N

9.6100
9.6721
9..7344
9.7969
9.8596

9.9225
9.9866
10.0489
10.1124
10.1761

-Lo.2400
10.3041
10.3684
10.4329
10.4976

10.5626
10.6276
10.6929
10.7584
10.8241

10.89CKI
10.9561
11.0224
11.0889
11.1566

11.2225
11.2S96
11.3569
11.4244
11.4921

11.56CX)
11.6281
11.6964
11.7649
11.S336

11.9025
11.9716
1.2.0409
12.1104
12.1801

la.25m

12.96CK)

13.6200

14.4400

15.2100

18.00CF3

16.81cm

17.6400

18.4900

19.3600

20.26CKI

21●1600

22.0903

23.0400

24.OICXI

25.0000

36.ccOo

49.00m

64.0000

MN ADVISORY

.02345

.02310

.02276

.02243

.02210

.02177

.02146

.02114

.02083

.02053

.02023

.01983

.01964

.01936

.01008

.03.880

.olami

.01826

.01799
“.01773

.Q1746

.01722

.ola98
:01673
..01649

.01625

.01602

.01579

.01557

.01EJ54

.01613

.o1491-

.01470

.01449

.01428

.01408

.o132a

.03.358,

.01349

.01330

.o1311

.013.38

a.903
xlo-3

3.629
.X1(J-3
7.532
%s0-3

5.586fro-s
5.769-3
X1.o

5.062-0-3
4.449fro-3
5.91.6
X1O-3

5*455
Xlo-3

5.:::-3

?.701
X1O-3

2.394~o-3
2.126
X1O-3

1.890-3
Xlo

3.334
xlo-4

2.416
Xlo-4

1.024
X1O-4

P/P=

.o@32

.06779

.067’08

.08637

.08568

.06499

.064s0

.06363

.06296

.06231

.CW.65

.06101

.06037

.05975

.05912

.05861

.05790

.06730

.05671

.05612

.05554

.05497

.05440

.05384

.05329

.06274

.05220

.05166

.05113

.05061

.06009

.04958

.04908

.04868

.04808

.047’69

.04711

.04383

.04616

.04S69

.04523

.04U29

.03702?

.03355

.03044

.02766

.02616

.02292

.02090

.01909

.01745

.01597

.01464

.o1.343

.01233

.olls4

;.194
Xlo-~

?.609

d:
Xlo-‘

.3422

.3408

.3393

.3379

.3s66

.3361

.3337

.3323

.s329

.3295

.3281

.3267

.3263

.3240

.3226

.32X3

.3199

.3126

.3173

.3160

.3147

.3134

.3121

.3108

.3096

.3ce2

.3069

.3057

.3044

.3032

.3019

.3007

.2995

.2982

.2270

.2958

.2946

.2934

.2922

.2910

.2899

.2784

.2675

.2S72

.2474

.2281

.2223

.2208

.21.29

.2053

.1980

.1911

.1846

.1783

.1724

.1667

.la20

.09259

.07246

daa

.5260

.5638

.6825

.5813

.6801

.578a

.5776

.5764

.5762

.6’740

.6728

.5716

.5704

.5692

.5680

.5658

.5666

.S645

.5633

.5621

.6609

.5598

.5586

.5575

.5563

.5552

.6540

.5529

.6517

.S606

.5495

.!3484

.E472

.5461

.6460

.6439

.6428

.6417

.6406

.6395

.5324

.6276

.6172

.5072

.4974

.4680

.4788

.4699

.4614

.4531

.4450

.4372

.4296

.42X5

.41.52

.4062

.3492

.3043

.2692

A*/~

::g .4T
.2107
.2087
.2067

.2048

.2028

.2009

.1990

.Mn

.1963

.1934

.1916

.1.698

.Wao

.laa

.1.845

.1828,

.1810

.1793

.1777

.1760

.1743

.1727

.1711

.1695

.1679

.1663

.1648

.1632

.1617

.1602

.1587

.1672

.156a

.1543
,1529
.1515
.1501
.1487

.1473

.1342

.1224

.1117

.1021

.09329

.08636

.0781s

;07166

.C3675

.06038

.05560

.05107

.04703

.04335

.04000

.01880

t•x~lg-3

.280
X1O-3

dP
6.727
6.770
6.814
6.868
6.902

6.946
6.980
7.034
7.079
7*123

7.188
7.213
7.2=
7.303
7.348

7.304
7.439
7.425
7.531
7.677

7.623
7.669
7.716
7.76i?
7.209

7.856
7.903
7.950
7.097
8.044

8.092
8.140
8.lea
8.235
8.284

8.332
8.360
8.429
8.477
8.526

8.576

9.072

9.683

10.11

10.65

11.20

11.77

12.36

12.94

13.55

14.18

14.s1

15.48

16.13

16.81

17.50

25.20

34.30

44.80

q/H

.1677

.1564

.1561

.1538

.1625

.lma

.lsoo

.1487

.1476

.1462

.1450

.1432

.1426

.1414

.1402

.1390

.1378

.X367

.lS65
,1.S44
.1332
.X521
.1o1o
.E99
.1.2aa
.la77
.1266
.3.256
.3.245
.1234
.1.224
.1?14
.1203
.1193
.1183
.1173
.1163
.1U$3
.1144
.1134.
.1124
.los3

.0849C

.08722

.0801s

.07376

.06762

.06251

.0675s

.05309

.04s9e

,.04521

.04177

.03861

.03572

,Cw30a

.01696

1.y-~

Ma: ,-.

P

2.934
2.945
2.955
2.966
2.977

2.987
2.928
3.C08
3.019
3.029

3.040
S.050
3.061
3.071
3.W2

3.092
3.10s
3.113
3.I.24
3.134

3;146
3.155
3.166
3.176
3.187

3.197
3.2ce
3.218
3.229
3.239

3.250
3.2CCI
3.271
3.281
3.291

3.302
3.31a
3.323
3.333
3.344

3.354

3.45a

3.562

3.666

3.770

3.873

3.976

4.079

4.182

4.286

4.387

4.490

4.592

4.695

4.797

4.899

6.916

6.528

7*937

ljgi
.3402
.3396
.3384
.3372
.S360

.3s48

.S336

.3324

.3313

.334)1

.3200

.3278

.3267

.3256

.3246

.3234

.322S

.321!2

.3201

.3190

.31ao

.3169

.3159

.3148

.3138

.312a

.3117

.3107

.3097

.3087

.3077

.3067

.3038

.3048

.3038

.3029

.3019

.3010

.s000

.2901

.2981

.2822

.2807

.2728

.2653

.22582

.2515

.2461

.2391

.2334

.2279

.2227

.217a

.2130

.2086

.2041

.1690

.1443

.1.250

v

61.65
51.84
52.02
S2.20
62.39

52.67
62.76
52.93
53.11
53.29

67.47
63.6S
63.8S
84.00
54.18

64.36
64.53
64.71
64.62
55.05

p;:

55.56
55.73
55.%

56.07
66.24
56.4$
66.38
56.75

66.91
57.07
57.24
67.40
57.66

57.73
57.89
68.05
58.21
58.37

68.53

60.09

61.60

63.04

64.44

66.78

67.08

68.ss

69.54

70.71

T.,83

72.92

73.97

74.99

75.97

76.92

84.96

90.97

96.64!

18.82
18.76
la.69
18.63
18.S7
18.51
18.46
18.39
18.ss
12.27
18.21
18.16
I.O.OQ
18.03
17.98
17.82
17.86
17.81
17.75
17.70
17.64
17.58
17.53
17.48
17.42
17●37
17.31
17.26
17.21
17.16
17.10
17.05
17.oiY
16.9S
16.90
16.85
16.80
16.75
1.5.70
16.53
16.60
16.13
15.68
16.26
14.86
14.48
14.12
3.s.77
13.45
13.14
12.S4
12.66
12.28
l$?.o$?
11.78
11.54
9.59
43.2X
7.1s

UMITT!SFMASRC.WAtiKS
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M

8.00

9.00

10.00

15.00

Zo.00

.(X).00

m

Mi

64.0000

81.0000
100.0000

Z25.0000

400.OWO

204

m

TT/Ta a/aa

.07246 .2692

.06814 .2411

.04762 .2182

.02174 .1474

.01235 ●111.1

i.990-4 .02236
Xlo
o 0
T
AS/A ~/P

6.260-3 44.00
X1O

3.058-3 56.70
Xlo

lo:fm-3 70.W

2.663-4167.6
Xlo

6.6a-5 280.0
Xlo

%157-* ‘7000.o
Xlo

‘Im

qh P I/p

4.6*-3 7.937 .1260

2.% 8.Q44 .1112
Xlo-3

1.649 9.950 .1C06
X1O-3

2.386-414.97 .06682
X1O

6.864 10.97 .05006
%10-6

1.963 Loo.o .01000
XIO-a
o m o

Definitionof SymbolaforTableII

M Maohnumber

P/x ratio of 8tatio preaaureto totel premure

P/Paratioof 100aldensityto ete@mtiondemlty

T/Ta ratioof localtemperatureto stagnation temperature

a/aa ratio of 100al speedof soundto speedof soundat stagnationoonditiona

A~/A mtlo of areaof throatto lmal orom mationalareaof a streamtube

ratio of* p@ t.atatiopre.eiwe
ratio of ~ pV2 to totalpreaaure

aogle-of-turningof a mperaonioetraamfromM= 1 toM, aegreea

Maohangle,degrees ..

T
v am

96.68 7.).21

99.32 6.379

102●3 5.739

111.6 3.823

116.2 2.866

12.7.6 .W=

w

—
.

# .

.-

.
.
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1.CQ
1.01
1.02
1.03
1.04

1.05
1.06
1.07
1.C9
1.09

1.10
1.11
L.I.2
1.X3
1.14

1.15
1.16
1.17
1.18
1.19

1.20
1.21
1.22
1.23
1.24

1.25
1.26
1.27
1.26
1.29

1.30
1.31
1.32
1.33
1.34

1.35
1.36
1.37
1.36
1.39

1.40
1.41
1.42
1.43
1.44

1.46
1.46
1.47
1.48
1.49

1.60
1.61
1.52
1.53
1.54

1.56
1.56
1.67

::E

1.60
1.61
1.62
1.63
1.64

1.66
1.66
1.67
1.62
1.69

l.m
NATIO

X+IMITTE

1.0000
.9901
.9605
.9n2
.9620

.9531

.9444

.9360

.9277

.9196

.9118
,9041
.8966
.2802
.8820

.8750

.8682

.8615

.8549

.8485

.8422

.6360

.6300

.8241

.8183

.83.26

.8071

.8016

.7963

.7911

.7860

.7809

.7760

.7712

.7664

.7618

.7572

.7527

.7483

.7440

.7397

.7365

.7314

.7s74

.7235

.7196

.7167

.7120

.7083

.7047

.7011

.6976

.6941

.6907

.6874

.6841

.6809

.6777

.6746

.6715

.6684

.6655

.6625

.6696

.6668

.6840

.661.2

.6465

.6458

.6431

.6405

?o/iio
.5283
.5221
.6160
.6099
.6039

●4979
.4919
.4860
.4800
.4742

.4684

.4626

.4568

.461J.

.4456

.4398
●4343
.4287
.4232
.4178

.4124

.4070

.4017

.3964

.3912

.3861

.3609

.3769

.3708

.3658

.3609

.3560

.3612

.3464

.3417

.3370

.3323

.3277

.3232

.31a7

.3142

.3098

.S065

.301.2

.2969

.2927

.2886

.2846

.2804

.2764

.2724.

.2685

.2646

.2608

.2570

.2633

.2496

.2469

.2423

.238S

.2363

.231.6

.2284

.2250

.2217

.2184
;;;.;

.2088

.2057

.2026

PI/Po

10000
1.923
1.047
1:071
1;096

1.120
1.144
1.169
1.194
1.23.9

1.246
1.271
1.297
1.323
1.360

1.376
1.403
1.430
1.468
1.485

1.513
1.541
1.570
1.598
1.627

1.666
1.686
1.716
1.746
1.776

1;805
1.835
1.866
1.897
1.928

1.960
1.991
2.023
2.066
2.087

2.120
2.163
2.186
2.219
2.253

2.286
2.320
2.354
2.389
2.423

2.458
2.493
2.629
2.564
2.600

2.636
2.673
2.700
2.746
2.783

2.820
2.867
2.896
2.933
2.971

3.010
3.048
3.oe7
8.3.26
3.16S

3.205

I*OW
1.017
1.033
1.060
1.067

1.084
1.101
1.118
1.I.35
1.162

1.169
1.186
1.833
1.221
1.236

1.255
1.272
?..290
1.307
1.3Z4

1.342
1.369
1.376
1.394
1.411

1.429
1.446
1.463
1.481
1.498

1.616
1.633
1.561
1.668
1.586

1.603
1.620
1.638
1.655
1.672

1.690
1.707
1.724
1.742
1.769

1.776
1.793
1.811
1.828
1.846

1.862
1.879
1.896
1.913
1.930

1.947
1.964
1.981
1.998
2.016

2.032
2.049
2.065
2.082
2.099

2.11.5
2.132
2.148
2.166
2.181

S.198

T%/90

1.OQO
1*CK)7
l.ola
1.020
1.026

1.033
1.039
1.046
1.062
1.059

1.065
1.071
1.078
1.084
1.090

1..097
1.103
1.109
1.115
1.122

1.128
1.134
::;;+

1.163

1.159
1.166
1.172
1.178
1.la5

1.191
1.197
1.204
1.210
1.216

1.223
1.229
1.235.
1.242
1.242

1.266
1.261
1.268
1.274
1.281

1.287
1.294
1.300
1.307
1.314

1.320
1.327
1.334
1.340
1.347

1.364
1.361
1.367
1.374
1.381

1.3m.
1.396
1.402
1.409
1.416

1.423
1.430
1.437
1.444
1.451

1.468

1.000
1.003
1.007
1.010
1.o13

1.016
1.019
1.023
1.026
1.029

1.032
1.036
1.038
1.041
1.044

1.047
1.060
1.063
1.066
1.059

1.062
1.065
1.068
1.071
1.074

1.077
1.060
,1.089
1.085
1.088

1.091
1.094
1.097
1.100
1.103

1.106
1.109
1.111
;:;:;

1.I.20
1.123
1.126
1.129
1.132

1.136
1.137
1.140
1.143
1.146

1.149
1.162
1.165
1.168
1.161

1.164
1.166
1.169
1.172
1.176

1.178
1.181
L184
1.187
loISa

1.193
1.196
1.199
1.202
1.206

1.208

Hz/H.

..00CKI

..0000
,.OCGQ
..0000
.9999

.9999

.9998

.9996

.0994

.9992

.9989

.“9986

.9982

.9978

.9973

.9967

.9961

.2953

.994a

.9937

.2928

.9918

.9907

.9896

.9884

.9871

.9857

.9842

.9827

.9all

.9704

.9776

.9768

.9738

.9n8

.9697

.9676

.9663

.9630

.9606

.9682

.9667

.9631
●9504
.9476

.944a

.9420

.9390

.9360

.9329

.9298

.9266

.9233

.9200

.9166

.9132

.9007

.9(E1

.9026

.8989

.8962

.8914

.8877

.8238

.8799

.8760

.8720

.8680

.8640

.8699

.6657

?JHz

.5283

.6344

.5403

.5462

.5619

.5676

.6630

.6663

.5736

.5787

.5837
Ag:’

.5982

.6028

.6073

.6118

.6161

.6203

.6245

.62a6

.6326

.6365

.640S

.6441

.6478

.6614

.6649

.6684

.6616

.6652

.6684

.6717

.6748

.6779

.aao9

.6639

.6868

.6897

.6926

.6953

.6980

.7006

.7032

.7068

.7023

.7108

.7X52

.7166

.7179

.7202

.7226

.7247

.7269

.7290

.7311

.7332

.7352

.7372

.7392

.7411

.7430

.7449

.7467

.746s

.7603

.7521

.7538

.7655

.7672

.7688

?;/%

.6283

.5344

.5403

.5462

.5519

.5674

.6629

.6681

.6732

.6782

.6831

.5878

.5924

.5968

.6012

.605~

.6093

.6132

.6170

.620~

.6241

.6274

.6306

.6337

.6366

.6394

.6421

.6446

.6470

.6493

.6514

.6636

.6664

.6671

.6688

.6603

.6617

.6630

.6642

.6662

.6662

.6670

.6677
;=

.6692

.6695

.6697

.6698

.6698

.6697

.6694

.6891

.6687

.6682

.6677

.6670

.6662
,6664
.6645

.5636

.6624

.361.2

.6600

.6687

.6673

.6568

.6643

.6627

.6511

.6493

1.000
1.CX)8
1.017
1.026
1.053

1.041
1.049
1.067
1.065
1.073

1.021
1.089
1.097
1.106
1.113

1.120
1.128
1.13a
1.143
1.151

l.lm
1.166
1.173
1.121
1.la8

1.196
1.202
1.210
1.217
1.224

1.231
1.238
1.246
1.252
1.269

1.266
1.273
1.280
1.286
1.293

1.300
1.307
1.313
1.320
1.326

1.333
1.339
1.346
1.352
1.358

1.365
1*371
1.377
1.383
1.389

1.395
1.402
1.408
1.414
1.419

1.426
1.431
1.437
1.443
1.449

1.454
1.460
1.466
1.4n
1.477

1.482

Vo/aa

.9122

.9205

.92ao

.9355

.9430

.9604

.9578

.9652

.9725

.9798

.9870

.9942
1.031
1.039
1.016

1.023
1.030
1.037
1.044
1.061

1.057
1.064
1.071
1.07a
1.084

1.091
1.09a
1.104
1.111
1.117

1.124
10X30
1,137
1.143
1.149

1.166
1.162
1.162
1.174
1.181

1.187
1.193
1.199
1.205
1.211

1.217
1.222
1.228
1.234
1.240

1.246
1.251
1.257
1.263
1.268

1.274
1.279
1.286
1.290
1.296

1.301
1.307
1.312
1.317
1.322

1.32a
1.333
1*338
1.343
1.346

1.363

70/$
.4062
.4116
.4160
.41.84
.4217

.4250

.4284

.4316

.4349

.4382

.4414

.4446

.447a

.4510

.4642

.4574

.4605

.4536

.4667

.4608

.472%

.4759

.4790

.4820

.4830

.4880

.4909

.4939

.496a

.4997

.5026

.5055

.6084

.5112

.5140

.6168

.6).96

.6224

.5252

.6279

.6307

.5334

.5361

.6388

.U14

.5441

.5467

.5493

.5519

.5545

.6:71

.6596

.5622

.6647

.!5672

.5697

.6722

.6746

.6771

.6795

.5819

.6843

.6867

.5691

.6914

.593a

.5961

.5984

.6m7

.6030

.6052
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1.’70
1.7’1
1.72
1.73
1.74

1.75
1.76
1.77

.640S

.6380

.6355

.6330

.6306

.2026

.1996

.1966

.1936
●1907

.1878

.1860

.1822

.1794

.1767

3.!205
3.246
3.286
3.325
3.366

2.198
2.214
2.230
2.247
2.263

1.458
1.466
1.473
1.420
1.427

1.202
1.211
1.214
1.217
1.220.

.8637

.8616

.8474

.8431

.8389

.7688

.7604

.7620

.7635

.7661

.6493

.647S
1.482
1.488
1.493
1.499
1.504

1.353
1.358
1.363
1.358
1.373

.6062

.6076

.6097

.6119

.6141

;6457
.6438
.6418

.6398

.6377

.6356

.6281

.6257

.6234

.6210

.6128

3.406
3.447
3.468
3.530
3.571

2.279 1.495 1.223
1.286
1.229
1.232
1.235

.6346

.8302
.7666
.7551
.7696
.7710
.7724

1.510
1.515
1.520
1.526
1.531

1.378
1.383
1.328
1.393
1.397

.6163

.61.66

.6207

.6228

.6249

2.295
2.311
2.327
2.343

2.369
2.375
2.391

1;502
1.509
1.617
1.524

.8269

.8215

.8171

.8127

.8062

.8038

.7993

1:78
1.79

.6334

.6SLl

.62891.80
1.81
1.82
1.83
1.84

.6185

.6143

.6121

.6099

.6078

.1740

.1714
3.61.3
3.665
3.698
3.740
3.783

3.826
::27=0

3.967

1.532
1.539
1.547
1.664
1.662

1.238
1.241
1.244
1.247
1.230

.7738
●7752
.7756
.7779

1.536 1.402
1.407

.6271

.6292.62.S3
.6242
.6217
.6193

.6162

.6142

.6116

.6090

.6064

1.541
1.646
1.551
1.536

.1688

.1662

.1637
1.412
1.416
1.421

.631.3

.6333

.6354

.6375

.6395

.6413

.6436

.6436

.647S

.5496

.651.5

.6534

.6569

.6573

2;407
2.422

2.438
2.454
2.469
2.465
2.500

2.516
2.631
2.546
2.562
2.677

.7946 .7792

1.83
1.26
1.87
1.S8
1.89

.6037

.6036

.6016

.5996

.8976

.1612

.1.587

.1563

.1.339

.1516

1.569 1.253
1.266
1.259
1.26.2
1.265

.7902

.7867
.7803
.7818
.7830
.7843
.7856

1.561
1.566
1.671
1.576
1.581

1.426
1.430
1.434
1.439
1.443

1*577
1.583
1.592
1.5ca

.7811

.7765

.77204;V01

4.046
4.089
4.134
4,179
4.224

4.270
4.316
4.361
4.407
4.46s

4.5C9
4.547
4.594
$:;;

4.736
4.784
4.832
4.881
4.929

1.20
1.91
1.92
1.93
1.94

.6956

.6937

.6918

.5899

.3280

.1492 1.6M
1.616
1.624
1.631
1.639

1.268
1.271
1.274
1.277
1.280

.7674

.7628
.7867
.7879
.7890
.7902
.7913

.7925

.7936

.7946

.7957

.7962

.6037

.6009

.5982

..5964

.5926

1.586
1.591
1.596
1.600
1.605

1.446
1.452
1.457
1.46X
1.465

.1470

.1447

.1.425

.1403

.7681

.7635

.7428

1.95
1.96
1.97
1.98
1.99

.6862

.5844
.1381
.1360
.1.339
.1.31.8
.1298

2.692
2.607
2.622
2.637
2.562

1.647
1.656
1.563

1.2
1.28
1.290
1.293
1.296

.7442

.7395

.7349

.7302

.7266

.5897

.5869

.5840

.5810
,6781

1.610
1.615
1.619
1.624
1.628

1.470
1.474
1.478
1.482
1.487

.6692

.6611

.6629

.6646

.6826

.6868

.5791
1.671
1.679

1.68820CK2
2.01
2.02
2.03
2.04

.6773

.6757

.5740

.5723

.6707

.1278
;1258
.1239
.1220
.1201

2.667
2.681
2.6943
2.711

1.299 .7209 .7978
.7982
.7998
.0002
.2018

.6751

.5721

.5691

.6661

.5630

1.63’3
1.638
1.642
1.646
1.551

1.491
1.495
1.499
1.503
10607

.5667

.668s

.6703

.672S!

.6740

1.696
1.704
1.712
1.720

1.302
1.306
1.302
1.312

1.316
1.310
1.321
1.324
1.327

i7162
.7116
.7069
.7022 .

2.05
2.06
2.07
2.08
2.09

.6691

.5678

.5659

.6643

.6626

.1182

.1164

.1146

.1128

.1111-

2.740
2.766
2.769
2.783
2.798

1.729
1.737
1.746
1.754
1.762

.6976

.6928
.8028
.6036
.2047
.8056
.2066

.580Q

.6569

.55.xl

.530?
●5475

1.655
1.660
1.664
1.688
1.673

1.677
1.6S1
1.685
1.688
1.694

1.611
1.515
1.519
1.523
1.527

1.531
1.636
1.538
1.542
1.546

.6768

.6776

.6793

.6811

.6828

.6882

.6836

.6789
.

2.10
2.11
2.12
2.13
2.14

.5613

.5598

.5563

.5568

.5554

●1094
.1077
.1060
.1043
.1027

4.9?8
5.oti,7
6.077
5.126
5.176

5.226
6.277
6.327
5.378
6.429

2.83.2
2.826
2.840
2.254
2.868

1.770
10779.
1.787

1.331
1.334
1.337
1.340
1.343

.6742

.6696

.6649

.ec175

.8084

.8092

.8101

.8110

.5444

.6412

.5321

.5349

.5317

.6846
,6863
.6880
.6897
.6914

1.796
1.806

1.813
1.822
1.831
1.639
1.846

.6503

.6567

2.15
2.16
2.17
2.18
2.19

.5540

.5525

.5611

.5498

.5484

.1011

.09956

.09802

.09660

.09500

2.862
2.896
2.910
2.924
2.938

1.347
1.350
1.s53
1.356
1.369

.6611

.6464

.6419

.6373

.5327

.8118

.8127

.8X56

.8143

.8151

.5286

.6263

.5221

.51x!9

1.698
1.702
1.706
1●710
1.7X4

1.660
1.664
1.657
1.661
1.565

.693).

.6946

.6964

.6261

.6997;5U37

2.20
2.21
2.22
2.23
2.24

2.25
2.26
2.27

.6471

.5467

.5444

.6431

.6412

.09352 5.480
5.331
5.583
5.633
6.687

2.961
2.963
2.976
2.992
3,005

1.857
1.866
1.875
1.885
1.89fd

1.363
1.366
1.369
1.372
1.376

.6281

.6236
.8159
.81.87
.8176
.8182
.8180

.5125

.5093

.5061
,6028
.4996

1.718
1.722
1.726
1,730
1.734

1.737
1.741
1.746
1.749
1.753

1.566
1.572
1.675
1.679
1.583

.701S

.7029

.7046

.7061
,7077

:02Z07
.09064
.08923
.08786

.6191

.6145

.63.LXl

.6406

.6393

.6381

.08648

.08514

.08322

.08261

.08123

5.740
5.792
5.845
6.898
5.951

3.019
3.C62
3.045
3.052
3.071

1.901
1.910
1.919
1.929
1.938

1*947
1.966
1.965
1.974

1.s79
1.382
1,386
1.389
1.392

.6066

.6011

.6966

.6921

.6877

.8197

.8205

.8212

.8219

.8226

.4964

.4931

.4899

.4867

.4835

1.686
1.590
1.693
1.696
1.6~

.7083

.7109

.7124

.7140

.F165
2.28
2.29

.5368

.5366

2.30
2.31
2.92
2.33
2.34

.5344

.5332

.6321

.6309

.5297

.07997

.07873

.07751

.07631

.07612

6.005
6.069
6.113
6.167
6.222

3.086
3.098
3.110
3.123
3.136

1.996
1.399
1.402
1.405
1.408

.5233

.6789

.6746

.5702

.5668

.8233 .4802 1.766 .7170 .
..8240

.8247

.8254

.8260

.4770

.4732

.4706

.4674

1.760
1.764
1.76?
1.771

1.607
1.610
1.61.3
1.617

.7186

.‘nOa

.7215

.72301.984
,.

2.35
2.36
2.37
2.36
2.39

.6286

.6276
,5264
.5253
.6242

.07396
,07281
.07168
.07057
.06948

6.276
L3:33;

6.442
6.497

3.149
3.162

1.993
2.002

1.412
1,41s
1.412
1.422
1.426

.5615

.6572

.6629

.6486

.5444

.8267

.82?S

.8280

.8286

.8292

.4642

.4610

.4378

.4546

.4514

1.776
1.778
1.782

1.620
1.623
;:::;

1.633

.7245

.7259

.7274

.7288

.73432

3:174
3.187
3,199

2:032
2.021
2.031

1.786
1.789

2.40 .5231 .06840 6.55S 3.212 2.040 1.428 .5401 .82Q9 .4422 1.792 1.636 .7317
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If.

2.40
2.41
2.42
2.43
2.44

2.46
2.46
2.47
2.48
2.4!3

2.50
2.51
2.52
2.63
2.54

2.55
2.56
2.57
2.68
2.59

2.60
2.61
2.62
2.63
2.64

2.66
2.66
2.67
2.68
2.69

2.’70
2.71
2.72
2.73
2.74

2.75
2.’76
2.77
2.78
2.79

2.80
2.81
2.82
2.83
2.84

2.85
2.86
2.87
2.88
2.89

2.90
2.91
2.92
2.93
2.94

2.95
2.96
2.97
2.98
2.99

3.00
3.01
3.02
3.03
3.04

3.05
3.06
3.07
3.08
3.09

3.10

.5231

.5221

.5210

.5200

.5189

.5179

.5169

.5159

.53.49

.5140

.5130

.51m

.5111

.5102

.5092

.5083

.5074

.6065

.6056

.6047

.6039

.6030

.5022

.6033

.5005

.4996

.4988

.4980

.4972

.4964

.4956

.4949

.4941

.4933

.4926

.4918

.491?.

.4903

.4896

.4889

.4s62

.4875

.4868

.4861

.4854

.4847

.4840

.4833

.4827
●4620

.4814

.4607

.4801

.4796

.478a

.4782

.4776

.4770

.4764

.4758

.4752

.4746

.4740
●4734
.4729

.4723

.4717

.471L!

.4’706

.4701

.4695

NATIONU ADVISOUY
CONNATTEEFWAEROMAIATICS

Iwo
.06840
.06734
.06630
.0652?
.06426

.06327

.06229

.06133

.06038

.06945

.06863

.06762

.05674

.06586

.05500

.06416

.05332

.05250

.06169

.05000

.06012

.04936

.o@59

.04784

.04711

.04639

.04668

.04498

.04429

.04362

.04295

.04229

.04166

.04102

.04039

.03978

.03917

.03068

.03799

.03742

.03685

.036$0

.03674

.03520

.03467

.03416

.03363

.03332

.03263

.03233

.03166

.03118

.03071

.03025

.02980

.0293s

.02891

.02848

.02805

.02764

.02722

.02682

.02642

.02603

.035554

.02526

.02489

.02462

.02416

.02380

.02345

P1/Po

6.56S
6.609
6.666
6.722
6.779

6.836
6.894
6.961
7.009
7.067

7.125
7.185
7.242
7.301
7.360

7.420
7.479
7.539
7.599
7.669

7.720
7.781
7.842
7.m3
7.966

8.026
8.088
8.150
8.213
8.275

8.3w
8.401
8.466
8.628
8.692

8.656
8.721
8.785
8.850
8.915

8.980
9.045
9.111
9.177
9.243

9.310
9.376
9.443
9.610
9.677

9.646
9.713
9.781
9.849
9.918

9.986
LO.06
LO.12
LO.19
LO.26

LO.33
LO.40
10.47
LO.64
LO.62

LO.69
LO.76
LO.83
LO.90
10.97

11.06

P;/PC!

3.212
3.224
3.237
3.249
3.261

3.273
3.285
3.298
3.310
3.321

3.333
3.345
3.357
3.369
3.380

3.392
3.403
3.415
3.426
3.438

3.449
3.460
3.471
3.483
3.494

3.606
3.616
3.627
3.637
3.548

3.559
3.670
3.580
3.691
3.601

3.612
3.622
3.633
3.643
3.663

3.664
3.674
3.684
3.694
3.704

3.714
3.724
3.734
3.743
3.763

3.763
3.773
3.782
3.792
3.801

3.811
3.820
3.829
3.839
3.848

3*867
3.866
3.875
3.884
3.893

3.902
3.911
3.920
3.929
3.938

3.947

Tx/To
-

2.040
2.050
2.059
2.069
20079

2.088
2.098
2.108
2.118
2.128

2.138
2.147
2.157
2.167
2.177

2.187
2.198
2.208
2.218
2.228

2.236
2.249
2.269
2.269
2.280

2.290
2.301
2.311
2.322
2.332

2.343
2.364
2.364
2.375
2.386

2.397
2.407
2.418
2.429
2.440

2.451
2.462
2.473
2.484
2.496

2.507
2.618
2.629
2.640
2.552

2.553
2.576
2.586
2.598
2.609

2.621
2.632
2.644
2.656
2.667

2.679
2.691
2.703
2.714
2.726

2.738
2.760
2.762
2.774
2.786

2.799

1.428
;:49:

1.438
1.442

1.446
1.449
1.452
1*455
1.459

1.462
1.465
1,469
1.472
1.476

1.479
1.482
1.486
1.489
1.493

1.496
1.500
1.503
1.606
1.510

1.513
1.617
1.620
1.624
1.627

1.631
1*334
1.638
1.541
1.643

1.548
1.552
1.555
1.659
1.662

1,566
1.669
1.673
1.576
1..580

;::g

1.690
1.594
1.697

1.601
1.605
1.608
1.612
1.616

1.619
1.622
1.626
1.630
1.633

1..637
1.640
1.644
1.648
1.661

1.666
1.658
1.662
1.666
1.669

1.673

.6401

.5369

.5317

.5276

.5234

.5193

.6162

.6111

.5071

.5030

.4990

.4960

.4911

.4871

.4832

.4793
●4754
.4715
.4677
.4639

.4601

.43s4

.4626

.4489

.4452

.4416

.437.9

.4343

.4307

.4271

.4236

.4201

.4166

.4131

.4097

.4062

.4022

.3994

.3961

.s928

.3895

.3862

.3829

.3797

.3786

.3733

.3701

.3670

.3639

.3608

.3377

.3547

.3517

.3487

.3437

.342a

.3398

.3359

.3340

.3312

.3283

.3256

.3227

.3200

.317’2

.3143

.sl18

.3091

.306S

.3038

.301.2

.8299

.8306

.8311

.6317

.8323

.8328

.8334

.8340
ti8346
.8361

.8367

.8362

.8367

.=73

.8378

.838s

.83S8

.8393

.8399

.8403

.8408

.841.3

.84L8

.8423

.8428

.8432

.8437

.8441

.8446

.0460

.8455

.8459

.8463

.8468

.84’72

.8476

.8480
48484
.843S
.8492

.8496

.8600

.8504

.8508

.8512

.8515

.8619

.8523

.8627

.86s0

.8534

.8537

.8641

.8544

.8648

.8561

.8564
,8568
.8561
.8384

.8668

.8571

.8674

.8577

.8680

.8686

.8587

.8589

.8582

.8595

.8598

JA/%

.4462

.4451

.4419

.4388

.43S6

.4323

.4294

.4263

.4232

.4201

.41vo

.41s9

.4109

.4078

.4048

.401.8

.3988

.3968

.392a

.3898

.3869

.38S9

.38io

.3781

.3762

.3723

.3696

.3666

.3638

.3609

.3581

.3663

.3626
,3498
.3470

.3443

.3416
●3389
.3362
.S335

.3309

.32s3

.3266

.3230

.3205

.s179

.3163

.3128

.s103

.3078

,3063
.302$
.3004
.2979
.2956

.2931

.2907

.2883

.2860

.2636

.2813

.2790

.2767

.2744

.2722

.2629

.2577

.2655

.2633

.2611

.25$0

V.fa*

1.792
1.796
1.799
1.802
1.806

1.809
1.8X3
1.816
1.819
1.822

1.826
1.829
1.8s2
J..83!3
1.839

1.842
1.845
1.848
3.851
1.854

1.837
1.860
1.863
1.866
1.869

1.872
1.875
1.878
1.881
1.884

1.887
1.889
1.892
1.895
1.898

1.901
1.2Q3
1.806
1.909
1.911

1.914
1.917
1.919
1.922
1.925

1.927
1.930
1.932
1●935
1.937

1.940
1.942
1.945
1.947
1.960

1.952
1.964
1.967
1.969
1.962

1.964
1.966
1.969
1.971
1.973

2.075
1.978
1.980
1.982
1.984

1.987

‘Jo/*

1.636
1.639
1.642
1.645
1,649

1.662
1.665
1.668
1.661
1.664

1.1%7
1.670
1.673
1.675
1.678

1.681
1.684
1.887
1.690
1.693

1.696
2.698
1.701
1.704
1.706

1.709
1.712
1.714
1.717
1.720

1.722
1.725
1.727
1.730
1.732

1.736
1.737
1.740
1.742
1.743

1.747
1.760
1.762
:.;=
.

1.769
1.762
;:;&4

1.769

1.771
1.773
1.776
1.778
1.780

1.782
1.784
1.786
1.789
1.791

1.7’93
1.795
1.797
1.799
1.801

1.803
1.806
1.807
;.pu9
.

1.814

.7317

.7331

.7345

.7359

.7372

.7386

.74m

.741.3

.7427

.7440

.7434

.7467

.7480

.7493

.7606

.7519

.7531

.7644

.7667

.7S69

.7582

.7594

.7606

.7619

.7631

.7643

.7656

.76437

.7678

.7690

.7702

.773.3

.7726

.7736

.7748

.7’759

.7770

.7781

.7792

.7803

.7814

.7823

.7836

.7846

.7857

.7868

.7878

.7888

.7899

.7909

.7919

.7929

.7939
●7949
.7959

.7969

.7979

.7989

.7999

.8008

.8018

.6027

.80S7

.8046

.8066

.8065~

.8074

.8083

.8092

.8101

.8110

—
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S*1O
3.11
3.12
3,.m
3.14

3.16
3.16
3.17
3*I8
3.19

3.20
3.21
3.22
3.23
3.24

3.26
3.26
3.27
3.28
3.29

3.30
3.31
3.92
3.33
3.34

3.36
3.36
3.37
3.38
3.39

3040
3.41
3.42
3.43
3.44

3.4s
3,46
3.47
3.48
3.49

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.6

4.6

4.7

4.0

4.9

5.0

S*O

7.0

Ml

.4695

.4690

.4586

.4679

.4674

.4669

.4664

.4632

.4664

.4648

.4643

.4630

.4634

.4629

.4624

.4619

.4614

.4610

.4606
●4600

.46916

.4691

.4587

.4582

.4378

.4673

.4669

.4666

.458a

.4666

.4662

.4646

.4644

.4540

.4635

.4531

.4527

.4623

.4619

.4615

.4512

.4474

.4439

.4407

.4377

.4360

.4324

.4299

.4277

.4265

.4236

.4217

.4199

.4163

.4167

.4).62

.4042

.3974

Porno

.02345

.02310

.02276

.02243

.02210

.02177

.02146

.02114

.02083

.02063

.02023

.01993

.01964

.01936

.019-

.01860

.oles3

.01.626

.01799

.01773

.01748

.01722

.01698

.0W73

.01649

.01625

.01.602

.o1679

.01.657

.01534

.01612

.01491

.01470

.0L449

.01428

.01406

.01388

.01368

.01349

.01.330

.01.311

.OII.68

3.903
X1O-3

3.629~o-3
7.632
Xlo-=

5.686
Xlo-s

5.;~-3

5.062
X1O-3

4.449
X1O-3

3.916
x10-3

5.465
X1O-3

3.0m-3
Xlo

2.m~

E*394
X1O-3

1.126
X1O-3

..890
XlO-s

j.~:~-d

2.416-d
Xlo

11.05
L1.lz
11.19
11.26
11.34

L1.41
11.48
L1.66
11.63
11.71

3.1.78
11.85
11.93
12.01
L2.08

3.2.16
12.23
L&?.sl
12.38
12.46

12.54
12.62
12.69
1.2.77
12.86

12●93
13.00
13.08
16.16
13.24

13.32.
U*4O
13.48
X5.66
13.64

g.;:

13:88
13.96
14.04

14.13

14.95

15.80

16.68

17.68

la.so

19.45

20.41

21.41

22.42

23.46

24.52

26.61

26.71

27.8s

?9.00

41.83

67.CXJ

5.94’7
5.956
3.964
3.973
5.981

5,990
S.998
4.006
4.03.5
4.023

4.031
4.040
4.048
4.056
4.064

4.072
4.080
4.088
4.096
4.104

4*U2
4.120
4.128
4.135
4.143

4.151
4.I.58
4.166
4.173
4.181

4.186
4.1~6
4.203
4●211
4.218

4.225
4.232
4.240
4.247
4.254

4.261

4.350

4.396

4.46’?

4.616

4.671

4.624

4.676

4.723

4.768

4.81s

4.663

4.893

4.930

4.966

5.GOO

6.268

6.444

2.799
2.811
2.823
2.636
2.848

2.860
2.872
2.686
2.897
2●909

2.922
2.935
2.947
2.9~
2.972

2.98S
2.998
3.011
3.023
3.036

3●049
3.082
3;076
3.088
3.101

3.XL4
3.127
3.141
3.164
3.167

3.160
3.104
3.207
3.220
3.234

3.247
3.261
3.274
3.288
3.301

3.316

3.454

3.696

3.743

3.893

4.047.

4.20s

4.367

4.532

4.702

4.875

6.052

5.263

6.4X8

6.507

6.800

7.941

.0.47

L.673
1.677
1.680
1.684
1.687

1.691
1.695
L.698
L.702
L.706

1.709
1.713
L.717
1.720
1.724

1.728
1.731
1,735
1.730
1.742

1.746
1.750
1.764
1.757
1.761

1.766
1.768
1.772
1.’776
1.780

1.783
1.787
1.791
1.795
1.798

1.%02
1.606
1.809
1.813
1.817

1.821

1.858

1.896

1.936

1.973

2.o12

2.061

2.090

2.X29

2.168

2.208

2.246

2.288

2.328

2.368

Z.408

2.818

S.236

E,/Ea

,3012
.2986
.2960
.2936
.2910

.2885

.2860

.2836

.2811

.2786

.2762

.9738

.271.5

.2601

.2668

.2646

.2622

.2600

.B577

.2665

.2533

.2511

.2489

.246a

.2446

.2426

.2404

.2383

.2363

.2342

.2322

.2602

.2282

.2263

.2243

.2224

.2206

.21.66

.2167

.2146

.2129

.1963

.1792

.1646

.1510

.1388

.1.W6

.1173

●1080

.09946

.09170

,0846Q

.0780~

.07214

.0667C

.06172

.0296&

.01.63E

P%/%

.8698

.8601

.8604

.8607

.8610

.%613

.8615

.8616

.8621

.8624

.8626

.8629

.8632

.8634

.9637

.8639

.8642

.8644

.8647

.8649

.8662

.8664

.8667

.8659

.8661

.8664

.8666

.8668

.8671

.8673

.8676

.8677

.8680

.8662

.8684

.8686

.8688

.8690

.8692

.8695

.8697

.8716

.8734

~8761

.8767

.8781

.8794

.8807

.8818

.6629

.8839

.6849

,8868

.8866

.8874

.8681

.8936

.8969

.2690

.2688

.2E47

.2526

.Z6m

.2464

.2464

.2443

.2423

.2403

.2383

.2363

.2343

.2324

.2304

,22S5
.2266
.2247
.2228
.2210

.2191

.2173

.2165

.21.37

.2119

.2101

.2024

.2066

.2049

.2032

.2015

.19~8

.1Ss1

.W64

.1948

.1932
●1916
.1.899
.1883
.leee

.1852

.1702

.1665

.1439

.1324

.1218

.1122

.1033

.09624

.08783

.08106

.07485

.06917

.0639C

.0591$

,06481

.0285C

.01.377

Vo/a(

1.987
1.989
1.991
1.993
1.996

1.997
2.00D
2.002
2.004
2.006

2.008
2.010
2.012
2.014
2.016

2.01.6
2.020
2.022
2.024
2.026

2.028
Z.030
2.032
2.034
2.035

2.037
2.039
2.041
2.043
2.046

2.047
2.048
2.060
2.062
2.054

2.056
2.057
2.069
2.061
2.062

2.064

2.081

2.096

Z.111

2.126

2.138

2.150

2.152

2.173

2.3.64

2.194

2.203

Z.zlz

2.Z20

2.22s

2.236

2.296

2.333

Vo/at

1.814
L.816
L.818
L.819
1.821

L.823
1.825
1.827
L.829
1.831

1.833
L.836
L.837
1.839
i.840

1.842
1.844
1.846
1.848
1.848

1.861
1.853
L.866
1.866
1.868

1.860
1.852
1.863
1.865
1.867

1.868
1.870
1.872
1.873
1.876

1.876
1.878
1.660
1.881
1.8a3

1.884

1.899

1.914

1.927

1.940

1.962.

1.963

1.974

1.9s4

1.993

2.032

2.011

2.019

2.027

2.034

2.041

2.096

2.160

vo/4

,8110.
.8119
.8128
.8137
.8146

.8164

.8163

.8172

.8180

.8189

.8197

.8205

.82T4

.8222

.8230

.8238

.8247

.8256

.8263

.8271

.8279

.8286

.8294

.8302

.8310

.8317

.8326

.8633

.8340

.8346

.8355

.8362

.8370

.8377

.8684

.8399

.8406

.8413

.8420

.8427

.8495

●8668

.861.8

.867S

.8729

.8779

.8827

.8872

.8916

.8955

.8994

.9030

.9066

.9098

.9129

.9370

9626
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~ /80

3.236

3.689

4.086

4.61.5

6.686

8.873

4.11

a

If:

.39’74

.3929

.3898

.3876

.3823

.3804

.3781

.3780

P%ha

6.444

5.666

6.661

5.714

5.8’70

6.926

5.997

6 !vo/?

.96S!6

.9631

.9705

.9759

.9891

.993e

.999E

1.CQoch

Rx&

.8969

.8990

.9005

.8016

.9041

.9050

.0061

.2061

voh* ‘0/aa

2.333 2.130
2.369 2.154

2.377 2.170
2.390 2.182

2.423 2.212

2.434 2.222
2.449 2.236
2.449 2.236

qhio
-
.0U35
8.488
X1O-3

4.964
X1O-3

3.0a-3
Xlo

4.396-4
Xlo

1.078-4
Xlo

3.593~o-8
o

P%/Ho

2.416
Xlo-4

1.024-4
Xlo

4.739-=

2.Z:
Xlo-5

1•~~o.6

67.00

74.60

94.s3

116.5

262.3

466.5

11,666.S

10.47

13.39

16.69

20.39

44.69

78.72

.945.4
m

.o1377
7.691-3
Xlo

4.470~o-3
2.746~o-3
&g97-4

9.75s
Xlo-6

3.265
Xlo-8
0

2.Cf91
X1O-7

2.790fro-12
0

I
—

pefim tlon or Smbo1sforTable~

upstreamofnormalshookwave

downstreamof normalehook wav.

. %

Iii

Po/Eo

P~lPo
P,/PO

TJTo

az/ao

Hi/~

P#a

PI/%

Vo/a*

Vo/aa

Vofi

Haoh number

Maohnumber

ratio or etatlo preesure to totalpreseureupstreamor ehookwave

etatlo praseure ratio aoroea ehook wave

deneltyratioaoroseehookwave

temperatureratio aoross shookwave

100alepeedor soundratio aoross ehook wave

ratio of total preseue downstream or shookwave to totalpreeeureupetream

ratioof etatlopreeeureto totalpressuredownstreamof ahookwave

ratioof statlopreaaure downetraam to total preesiuraupetrearnof wave
.

f
ratio or velooity (oorreeponding

ratio or veloolty (oorraepondlng

ratio of VOloOlty (Oorreepondlng

to ~) to the speed or sound where V - 8

to ~) to the speed of eound where V . 0

to ~) to the veloolty where p = p = T = o

.-
-.:,

.1

. .

.
.

“.
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M.

E
1*O4
1.06
1.08
1.10
1.12
1.14
1.16
1.18
1.2!3
1.22
1.24
1.26
1.28
1.30
1.32
1.34
1.36
1.38
1.40
1.42
1.44
1.46
1.48
1.50
1.52
1.54
1.56
1.58
1.60
1.62
1.64
1.66
1.68
1*7O
1.72
1.74
1.76
1.78
1.90
1.92
1.84
1.86
1.88
1.90
1.92
1*94
1.96
~.98
2.00

NMA TT’iNo.I@a

TABI.JilIV.- MACH NUMBER FUNCTIONS FOR USE ltZT1lSMALL-
PERTURBATION”AIRFOIL-SECTIONTHEORY

9.950
7●001
6.689
4●903
4.3,64
3.965
3●664
3.402
3.193”
3.015
2.862
2.728
2.609
2.503
2.408
2.321
2.242
2.170
2.103
2.041
1.984
1.930
1.880
1.833
1.789
1.747
1.708
1.670
1.635
1.601
1.569
1.539
1.509
1.481
1.455
1.429
1.405
1.381
1.358
1.336
1.315
1.295
1.275
1.256
1.238
1.220
1..203
1.186
1.170
1.155

c~
746.293
186.333
82.987
46*943
30.315
21.313
15.905
12.404
10*O13
8.307
7●050
60096
5.356
4.771
4.300
3.916
3.598
3.333
3.109
2.919
2.755
2.614
2.491
2.383
2.288
2.204
2.129
2.063
2.003
1*949
1.901
1.858
1.817
1.781
1.748
1.717
1.689
1.663
1.640
1.618
1*597
1.579
1.561
1.545
1.529
1.515
1.502
1.489
1.478
1.467

M.

2*O2
2.04
2.06
2.08
2.10
2.’12
2.14
2.16
2.18
2.20
2.22
2.24
2.26
2.28
2.30
2.32
2.34
2.36
2.38
2.40
2.42
2.44
2.46
2.48
2.50
2.52
2.54
2.56
2.58
2.60
2.62
2.64
2.66
2.68
2.70
2.72
2.74
2.76
2.78
2.80
2.82
2.84
2.86
2.88
2.90
2.92
2.94
2.96
2.98
3*OO

1.140
1.125
1.110
1.097
1.083
1.070
1.057
1.045
1.032
1.021
1.009
.998
.987
.976
.966
●955
●945
.936
.926
.917
.908
.899
.890
● 881
.873
.865
.857
.849
.641
.833
.826
.819
.811
.804
.797
.791
.784
.777
.771
.765
..759
.752
.746
.741
●735
..729
.723
.718
.712
.707

c=
1.456
1.447
1.437
1.429
1.420
1.413
1.405
1.398
1.”392
1.386
1.380
1.374
1.369
1.363
1.358
1.354
1.349
1.345
1.341
1.337
1.333
1.330
1.326
1.323
1.320
1.317
1.314
1.311
1.308
1.306
1.303
1.301
1.298
1.296
1.294
1.292
1.290
1.288
1.286
1.284
1.282
1.281
1.279
1.277
1.276
1.274
1.273
L.271
1.270.
L.269

3.02
3.04-
3.06
3.08
3.10
3.12
3.14
3.16
3.18
3.20
3.22
3.24
3.26
3.28
3.30
3.32
3.34
3.36
3.38
3.40
3.42
3.44
3.46
3.48
3*5O
3.60
3.70
3.80
3.90
4.00
4.10
4.20
4*3O
4.40
4.60
4.60
4070
4.80
4*9O
5.00
6.00
7.00
8.00
9.00
10.00

16
20
1co

.702

.697

.692

.687

.682

.677

.672

.667

.663
●658
.663
.649
.645
.640
.636
.632
.628
.623
.619
.615
.612
.608
.604
.600
.596
.578
.561
.546
.531
.516
●503
.490
.478
.467
.456
.445
.436
.426
.417
.408
.338
.289
.252
.224
.201
●134
,100
,020

-
NATIONAI

COHHITTSSn

c~
m
1.266
1.265
1.264
1.263
1.262
1.260
1.259
1.258
1.257
1.256
1.256
1.255
1.254
1.253
1.252
1.251
1.250
1.249
1.249
1.248
1.247
1;246
1.246
1.246
1.242
1.239
1.236
1.234
1.232
1.230
1.228
1.227
1.225
1.224
1.223
1.222
1.221
1.220
1.219
1.212
1.209
1.207
1.205
1.204
1.202
1.201
1.200
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(A
seai
1117
113.3
1109
11o5
1102
109s

1094
10!30
1086
1082
1072

1074
1070
1068
1062
1036

1054
103J3
1046
1041
1037

:%
1025
l~o;

1o12
1006
lco4
999
996

991
987

978
973

9n
]Ji
g

971
9n
97’1
9A
971
971
9n
9n
9n
m

R
%

i?

9
J
1s
1089
1122

~“

R
1231
1231
1220
lllq’
112

$
11
10
12
1019
1019

(r%l+(cTr)
69.02
67.44
61.87
46.s1
44.74
41.12

(4s2)I IIi’%
o.00237s
.Oomlo
.C02242
.0021’77
.@32m?
.oom42

.2369 .031286

.0107 .C@1228

.7260 .201669

.7620 .CYJ1818

.7366 .201766

a,
.“

1.0000
.9966
.2%51
.=96
.2WJ4
.S227

ljoo
2,c$m
3,030
4,000
6,000

761.6
7m.o
706.S
763.7
751.0
748.4

l.moo 3.719 1.634
.m.54 3.669 1.602
.eno ::6?; 1.641
.9666 1.621
.9424 ::6& 1.72s
.2283 1.764

1421.a
1422.6
1377.4
1327.7
1.27S.4
E32.e

,.
,*

.l?.62 3.12 .2792
$% s4.06 1.14 .G-7m

30.49-0.64 .9721
w% 26.92- 2.82 .9688
10,OOO =.36 - 4.20 .9660

l;:J - 6.76 .9614
5,% - 8.76 .9679
13,030 lyJ :lo:;: .9643
14,0W .9307
16,000 5:34 -14.70 .9470

16,CW -ls.m .9434
17,000- R -1s.66 .2397
16,000- 5.13 -20.64 .23sl
1s,W - 6.72 -22.62 .8324
20,000 -12.2s-24.60 .928?

745.7
743.0
740.4
737.7
734.9

.8014 169s.o&8~.o

.7?17 M63.o1 78~.6

.?426 wn.9 782.6

.n46 1612.s

.6877 724.s
1466.4i 696.8

.6614 13W.8U 6n.2

.6360 1345.91:644.4

.61X5 LW3.7C elg,4

.6075 1243.2i,y5s6.2

.3044 1194.3+-6n.6

.642o 1147.0lb 349.1.62cs 1101.1> 527.fj

.4994 1036.9; 606.0.4792

.4696 y;:.: ~ 42S.6
. 466.6

.4406

.41?23 932.5I 446.4893.SL 4&!7.g

.4047 866.4$ 410.0

.3076 8m.s ~.393.7

.3’CU 7S6.3- 376.0

.3832 761.7b

.3399 ?U2.2q yJ:g

.3261 687.Q y 339.3

.3106 &37.69 314.9

.2070, -.3J0 3m.9

.2337 6m.4 / 3g7.~

.2702 S73.SL

.2626
274.8

647.3> 2e2,0
.2467 592.2
.2333

230.0
4s4.OJ? 238.4

.9243 3.826 1.210

.S024 3.677 1.836

.8666 s.567 1.203

.87E9 ;.~36 1.Q51

.2594 . 2.m2

.e439 3.426 2.034

.2326 s.474 2.107

.s194 3.463 2.143

.S043 8.432 2.=

.7933 3.4U 2.2s0

.7604 3.3m SJ.341

.7076 3.369 2.404

.7649 3.347 2.470

.7424 s.32e 2.s3s

.7299 3.303 2.606

1167.%
KL43.1
llm.a
UM9.O
10M.8

Q7a.9
942.1
W6.6
870.2
633.0

-,

73S.2
729.6
726.8
724.0
721.2

.7166

.6SS2

.e714

.66W

.6292

.001702

.031649

.&m.597

.091646

.001497

.001448

.CW1401

.031363

.0013U

.ofm2E17

,,
. ..

718.6
715.7
712.9
710.1
707.3
704.6
701.6
69S.8
605.9
693.1

.30SQ

.6398

.M99

.6611

.6328

60s.0
770.8
739.8
702.8
e2a.s
632.e
626.?
699.6
674.2
640.7

.9230

.921s

.9176

.!3138

.91ca I I.7176 3.2W $?.661
.7034 3.262 )?.787
.6933 3.240 2.234
.6s13 3.23.82.916
.6694 3.126 2.999

21,000 -16.84-26.58
22,000 -19.41-26.6e
U,aJe -22.97 -30.34
24,W0 -2e.84-32.52
26,200-30.10-s4.30

26,03-3-33.e6 -S6.42
27,C00 -37.2s-38.46
28,0XJ -40.7s-60.44
29,030-44.36-42.42
30,Coo -47.92-44.U

.3J.60 .C4U225

.497e .W1B3

.4207 .001143

.4642 .001104

.4461 .001066.
.667s 3.174 3.oa7
.6460 3.133 3.177
.6343 :.lS& 3.270
.6z50 3.367
.6116 3:066 3.469

.6CX35 3.064 s.573
,5894 3.041 3.S&2
.3794 3.019 3.796
.66’762.927 S.91.3
.6s67 2.?74 4.036

:% j~ #
.

k

7 .
:963 k% 5:455
.4E&52.961

I

:%
:2P7 ::82; .

:%’ ::w j2J

:2&: ~;~ ;gy
;;3; 7.7922:%1 8.175

.9062

.9024

.6266

.8946

.820Q

600.2
667.3
664.4
681.5
676.5

676.6
672.6
66Q.’l
646.7
663.7

.4326

.4173

.4026

.3662

.3741

.001029

.00099S

.aw937

:=
.W0268
.wca26
.030796
.020766
.om7s7

526.2
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